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NOTICE

The results of the OAST Space Technology Workshop which was
held at Madison College, Harrisonburg, Virginia, August 3 -
15, 1975 are contained in the following reports:

EXECUTIVE SUMMARY

VOL| DATA PROCESSING AND TRANSFER
VOL Il SENSING AND DATA ACQUISITION
VOL Il NAVIGATION, GUIDANCE, AND CONTROL ’
VOL IV POWER

VOLV PROPULSION

VOL Vi STRUC'TURE AND DYNAMICS

VOL VII MATERIALS

VOL Vil THERMAL CONTROL

VOL IX ENTRY

VOL X BASIC RESEARCH

VOL XI LIFE SUPPORT

Copies of these reports may be obtained by contacting:
NASA - LANGLEY RESEARCH CENTER
ATTN: 418/CHARLES I. TYNAN, JR.
HAMPTON, VA. 23665

COMMERCIAL TELEPHONE: 804/827-3666
FEDERAL TELECOMMUNICATIONS SYSTEM: 928-3666
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SUMMARY

Within the guidelines proposed by QAST, the Power Working Group (PWG)
established the objectives of identifying the technology requirements for
three basic areas >f space technology: Shuttle Payloads, Mission Driven
Technology, and Opportunity Driven Technology. Each of these three areas
was further subdivided and considered according to the following outline:
(I) Energy Sources and Conversion (A. Solar Photovoltaics, B. Solar and
Nuclear Thermal Electric, C. Chemical Conversion, D. Ambient Field Trapping),
(II) Power Processing, Distribution, Conversion and Transmission, and
(III) Storage. Various technology areas have been suggested for OAST
consideration. These are compilation of inputs from various sources and
have been discussed in detail in the report. The main conclusions reached
by the PWG are as follows: (1) power system technology currently available
is adequate to accomplish all missions in the 1973 Mission Model, (2) Im-
rroved Power Systems technology can provide significant benefits in opera-
tional capabilities and costs, even for the 1973 Mission Model (sixteen
such areas have been identified), (3) major advancements in Power Systems
technology must be made if the Outlook for Space and other advanced user

plans are to be accomplished.
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INTRODUCTION

This is the final report of the Power Working Group assembled under
the auspices of the QAST Space Technology Summer Workshop. The Power
Working Group (PWG) met at Madison College, Harrisonburg, Virginia, August
4-15, 1975. i
o The objective of the Workshop as understood by the WG was to identify,
; ¢ for the consideraticn of OAST management, three specific areas of space

technology for possible pursuit. The technology areas are listed below,

Lot
e ot

with especial emphasis to be placed on Item 1:

) : 1. Shuttle Payloads--technology experiments which might make 3
‘ use of the capabilities of the Space Transport System. s

2. Mission Driven Technology--technology needed to accomplish .
the missions in the '73 Mission Model, or technology which 3
if suitably developed would offer significant improvements 4
over the level of technology currently in use.

3. Opportunity Driven Technology--technology needed to support
potential space opportunities of the future as identified
by users.,

b
b,
S
3
3
Y
3
B

The technologies listed are compilations of inputs from various sources; 3
they are not a recommended listing nor is any priority to be inferred.
Further, they are probably not a comprehensive list. The three technology :

areas listed above are treated separately in Books I, II, and III.

e

The approach taken by the PWG took the following chronology:

Assemblage of input materials and data.

Subdivision of power systems into subsystems and assign-
ments of members to each subsystem.

Generation of technology areas by subsystems.

Review of technology areas by entire MWG.

Drawing of conclusions.

Preparation of presentation to management and finel report.

A it

Inputs were obtained from a number of sources. Most of them are listed in

Appendix A.
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ARFAS OF CONSIDERATION

Each of the three main areas, i.e., Shuttle Payloads, Mission Driven
Technology, and Opportunity Driven Technology were further subdivided and
considered according to the detailed outline of Appendix B and abbreviated
below for reader convenience:

I. Energy Sources and Conversion
A. Snlar Photovoltaics
B. Solar and Nuclear Thermal Electric
C. Chemical Conversion
D. Ambient Field Trapping
II. Power Processing, Distribution, Conversion and Transmission

III. Storage
See Figure 1 for a pictorial of this subdivision.

Please note that this outline is a "first cut best judgement." Con-
sequently, a detailed review of Appendix B might reveal other technology
areas quite worthy of OAST pursuit. Because they were outside of this
outline, however, they were not considered by the PWG.

Titles of the technology areas submitted for OAST consideration are

listed in the next section with detalled summaries and submittals contained

in Books I, IIL, and III.
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TECHNOLOGY AREA TITLES

Shuttle Payloads (Book I)

I. Energy Sources & Conversion

A. Solar Photovaltaic

l.

10.

Deployment, Retraction and Dynamics of Lightweight
Structures for Solar Cell Arrays

Demonstration of High Voltage Solar Cell Array and
High Voltage Power Management for SEPS

SSPS Technology Testing and Demonstration Experiments
Measurement of Solar Radiation Intensity and Spectral
Distribution

Environmental Tests of Advanced Solar Cells
Environmental Tests of Materials for Advanced Solar
Arrays

Liquid Metal Slip Ring Experiment

Extended Environmental Testing ofSolar Array Mechanisms
and Materials

In Space Assembly of High Power Transfer Devices
Environmental Tests of Advanced Solar Cell Modules and

Subarrays

B. Solar & Nuclear Thermo Electric

1.

Demonstrate Emergency Cooling System in Zero-Gravity
for Brayton Isotope Power System
Demonstration of Brayton Isotope Power in Pointing

Experiment for lLarge Concentrators

—— A



o

Shuttle Payloads (Book I) Continued

3.

Scalable, Free Flying Facility for esting of High
Power Density Components

Demonstration of a 500 KWe Solar Brayton Space Power
System for Transmitting Electric Power to Earth
Demcnstration of a 100 KWe Nuclear Space Power System

(Brayton-Thermionic) tor Electric Power or Propulsion

C. Energy Conversion - Chemical

1.

Radio Frequency Mass Quantity Gauging

II. Power Processing, Distribution, Conversion & Transmission

1.

2.

5.
[II. Storage
1.

2.

Unattended Utility Power Station

Sphinx B

Sphinx C

Flight Demonstration of Power System Components Cooled
by Integral Heat Pipes

SEPS Prime Propulsion Demonstration

Silver-Zinc Cell Experiment

High Energy Density Battery Experiment
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Mission Driven Technology Requirements (Book II)

o TPHn

I. Energy Sources and Conversion
A. Bolar Pnotovoltaic
1. Solar Cell Array for Electric Propulsion
2. High Efficiency, Low Cost, Radiation Resistant, i
‘ Light-Weight, Silicon Solar Cells
; 3. Power Transfer Across Rotating Joints
4. High Temperature, High Efficiency, Radistion )
Resistant III-V Compound Solar Cells
B. Solar and Thermo Electric ;
None
C. Chemical Conversion
1. Hydrogen/Oxygen Fuel Cell Module for Tug
2. Radio Frequency Mass Quantity Gauging

II. Power Processing, Distribution, Conversion, & Transmission

1. Spacecraft Charging and High Voltage Interactions with
Plasmas

2. Unattended Utility Power Station

R e ds RN " R U PR DR KT R 0 e e oo

3. Automated Power Systems Management

; 4, Solar Array Power Generation and Management, HVSA

5. Advanced Power Processing/Monitoring System

6. Multi KW, High Voltage Power Processor and Distribution
System for Special Applications

7. Self-Aligning Multipin:Low/High Voltage Electricai

Connector Assembly
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Mission Driven Technology Requirements
(Book II) Continued
III. Storage
l. Ni-Cd Secondary Battery System for LST
2. Ni-H, Energy Storage System for Low Earth Orbit,
Long Life Payloads, LST

3. High Energy Density Batteries



T |

Opportunity Drivers (Book I[I[I)

I. Energy Sources and Conversion

A.

B.

Solar Pnotovoltaic

l.

2.

Soisar cell array for SSPS

fiigh Efficiency, Radiation Resistant, High
Temperature Lightweight Solar Cells

Multijunction, Edge-Illuminated Silicon Solar Cell
High Efficiency, Low Cost, Radiation Resistant

Electromagnetic Wave Energy Generator (EWEG)

Solar and Nuclear Thermo Electric

1.

50
6.

7.

Solar Concentrators for High Temperature Energy
Conversion to Electiic Power

Muclear Electric Power for Propulsion or large
Power Uses

Extre -Terrestrial Brayton Energy Conversion (tolar
and Nuclear Heat Sources)

Extra-Terrestrial Stirling Energy Conversion (Solar
and Muclear Heat Source)

High Performance Thermionic Conversion

Solar Dielectric Power Conversion

Nuclear Thermoelectric Power System

Chemical Conversion

l.

2.

Dielectric Film Stack Cryogenic Tank Insu’ .‘'on

Advanced Fuel Cell Technoliogy



Opportunity Drivers (Book III) Continued

1I. Power Processing, Distribution, Conversion & Transmission

1. Power Processing and Listribution Systems for
Gigawatt Class Power Systems

2. High Bus Voltage Power Processor and Distribution
System Technology

3. Laser Energy Photovoltaic Converter

L., Ultra High Power Energy Conversion and Transmission
System Technology

III. Storage
l. Large Ni-Cd Batteries for Space Station Application

2. Use of Tlywheels for Mechanical Storage of Energy

DUCIBILITY OF THE
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BOOK I: SHUTTLE PAYLOADS

I. Energy Sources and Conversion
A. Shuttle Experiments Related to Solar Photovoltaic Components and Systems

Two new requirements for improved photovoltaic systems are driving
technology in this field. One firm requirement for solar space power systems
which provide power for new Solar Electric Propulsion Systems (SEPS), is an
85% weight reduction of photovoltaic systems. The second requirement which
is potential in nature, is for low cost, high efficiency, and high temperature
sc ar electric convertors for the Space Satellite Power System (SSPS).

Two experiments directly related to the SEPS are proposed. In one, the
dynamics of deployment and retraction of lightweight structures will be studied
in a zero-gravity environment to validate desigus now being developed for solar
cell arrays. The second experiment specifically related to SEPS is to demon-
strate, in the space environment, the operation of a lightweight, high voltage
solar cell array using switching devices integral with the array for power
management .

Four experiments directly related to the SSPS are proposed. One experi-
ment is directed at demonstration of space assembly techniques for ultra-
lightweight structures supporting solar cell arrays, and determination of
their dynamic characteristics. The other three experiments will demonstrate
the space-worthiness of the mechanical integrity of the SSPS array design,
the microwave generators, and a full capability but scaled-down SSPS.

Seven additional experiments are proposed related to solar cell cali-
bration and to space synerglistic testing of materials, components, and sub-
system arrays required in both SEPS as well as all other payloads using

photovoltaic arrays. All of these experiments are prcposed for both low

10
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earth orbit and for geosynchronous orbit under both 1 AU and concentrated
sunlight. One experiment is aimed at measuring £he intensity and spectral
distribution of solar radiation between 0.2 mm to 1.5 mm. The other six
experiments test the long term space worthiness of advanced solar cells,
materials (covers, encapsulants, flexible substrates, interconnects, anti-
reflection coatings, new liquid metal power transfer slip rings, lubricants,

conductors, and insolators, and advanced solar cell arrays.
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
REF.NO. 17 PREP DATE _8/1/75 REV DATE LTR

CATEGORY _Electric . Power

TITLE Deployment, Retraction and Dynamics of Lightweight Structures for Solar
Cell Arrays

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

CURRENT | UNPERTURBED REQUIRED
Determine dypamics of capdidate ljght-
veight structures to verify apalytjcal

model and provide requirements for attitude control and orientation.
Verify deployment and retraction of candidate structures.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS
TECHNICAL BENEFITS _[ightweight structures for solar arrays are needed for

SEPS. A zero-g test is needed to validate the designs now being developed.

Results will also be used to improve the analytical methods used for predicting

array dypamics.

POTENTIAL COST BENEFITS

ESTIMATED COST SAVINGS §

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS

REQUIRED SUPPORTING TECHNOLOGIES

REFERENCE DOCUMENTS/COMMENTS

-

FT (TOM-1) 7/7%
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TITLE

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION

TEST ARTICLE: Lightwe
together with lightweight array blanket. Can be article pov being developed

in SEP program.

t _solar array st

SPECIAL GROUND FACILITIES:

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr
BENEFIT OF SPACE TEST:

EQUIPMENT: WEIGHT kg, SIZE X m, POWER kw
POINTING STABILITY DATA

ORIENTATION CREW:  NO. OPERATIONS/DURATION /

existing: Yes [] ~o[]

TEST CONFIDENCE

9. GROUND TEST OPTION

TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

10. SCHEDULE & COST

-—-———_—-——————————7

SPACE TEST OPTION

GROUND TEST OPTION

TASK Cy

COST ($)

COST ($)

1. ANALYSIS

2. DESIGN

3. MFG&C/O0

4. TEST & EVAL

TECH NEED DATE

GRAND TOTAL

GRAND TOTAL

11. VALUE OF SPACE TEST §

(SUM OF PROGRAM COSTS §

12. DOMINANT RISK/TECH PROBLEM

COST IMPACT PROBABILITY

COST RISK §

TTIDR D 7175
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1

1.

REF. NO. 17 PREP DATE REV DATE LTR
CATEGORY Power

2.

TITLE Demonstration of High Voltage Solar Cell Array and High Voltage
Power Management for SEPS,

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

Demonstrate in the space environment the CURRENT UNPERTURBED REQUIRED
opera of a 1 W h voltage

solar cell array using switching devices integral with the array for power
management.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE
PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS _The high voltage array and integral power management offers
improved reliability and lower weight for the power systems for SEPS. The
validity of this approach must be verified by a test in the total space environ-
ment to reduce the risk for later SEPS applications.

POTENTIAL COST BENEFITS

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS

REQUIRED SUPPORTING TECHNOLOGIES

REFERENCE DOCUMENTS/COMMENTS

FT (TDR-1) 7/75
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TITLE NO.
PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTICN TEST ARTICLE: _High voltage solar cell array with ==

integral switches and power management subsystems.

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME tr

BENEFIT OF SPACE TEST:

EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW: NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES:

existing: Yes [ no[]

TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

—————————————————
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK cy COST ($) COST ()

1. ANALYSIS

2. DESIGN

3. MFG&C/0

4. TEST & EVAL

1:CH NEED DATE

GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COST RISK $ .
fTOIDR ) 7475
15
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
REF. NO. PREP DATE REV DATE LTR
CATEGORY

TITLE _SSPS Technology Testing and Demonstration Experiments

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

(a) Demonstrate space assembly and deter- CURRENT | UNPERTURBED REQUIRED
mine dynamics of ultra-light weight

structures for solar cell arrays.

(n) Demonstrate space worthiness of the solar cell array design developed for
S8PS.

(c) Demonstrate space worthiness of microwave generators developed for SSPS.

lent power densities as those required for SSPS.
fd) Demonstrate space worthiness of & scaled down version of the SSPS. System

operation could be demounstrated in low earth orbit, and system durability tested
later in a }osynchronous earth orbit.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE
PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS _These tests are needed to identify technological

deficiencies to be corrected and to eventually make & rational decision on
building a full scale SSPS.

POTENTIAL COST BENEFITS

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS

REQUIRED SUPPORTING TECHNOLOGIES

REFERENCE DOCUMENTS/COMMENTS

FT (TOR-1) 7/75
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TITLE NO.
PAGE 2
COMPARISON OF SPACE & GROUND TEST OPTIONS
8. SPACE TEST OPTION TEST ARTICLE:
TEST DESCRIPTION : ALT. (max/min} / km, INCL. deg, TIME br
BENEFIT OF SPACE TEST:
EQUIPMENT:  WEIGHT kg, SIZE X X m, POWER W
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES:

existing: Yes [] ~no[]

TEST CONFIDENCE

.

GROUND TEST OPTION TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

w
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK CcYy COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG& C/O
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK §

f1{(1DR-2) 7/7%
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FUTURE PAYLOAD TECHNOLOGY NO.

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
1. REF.NO. 17 PREP DATE REV DATE LTR
CATEGORY _Electric  FPower
2. TITLE Measurement of Solar Radiation Intensity end Spectral Distribution 1
3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

CURRENT UNPERTURBED REQUIRED

Measurement of spectral intensity of
solar radiation over range of =sensitivity
of solar cells (0.2 um to 1.5 um). Some doubt has been cast on presently
used <pectral intensity of sunshine by limited flight tests of advanced solar

cells.

4, SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE

PAYLOAD DEVELOPMENT LEADTIME ______ YEARS. TECHNOLOGY NEED DATE
5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS
TECHNICAL BENEFITS _ Definitive measurement of spectral intensity and totel

intensity of solar radiation needed to guide future development of high
efficiency solar cells.

POTENTIAL COST BENEFITS

ESTIMATED COSY SAVINGS $

6. RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS

REQUIRED SUPPORTING TECHNOLOGIES

7. REFERENCE DOCUMENTS/COMMENTS

FT (TDR-1) 7/75
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TITLE

PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION

TEST ARTICLE:
TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME __ v
BENEFIT OF SPACE TEST:
EQUIPMENT:  WEIGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /
SPECIAL GROUND FACILITIES:

existing: Yes [ wo [T
TEST CONFIDENCE
9. GROUND TESTOPTION  TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cY COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG & C/O
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COSY RISK $

F1IDR-2) 2/7%
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FUTURE PAYLOAD TECHNOLOGY NO.
T~STING AND DEVELOPMENT REQUIREMENT PAGE 1
1. REF.NO. 17 PREP DATE _8/7/15 REV DATE LTR

CATEGORY _Electric  P..o

2. TITLE ____Environmental Tests of Advanced Solar Cells .. .

- awen

3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL 'IF STATE OF ART
Verification of =, ace worthiness of [ _CYRR NT ' «NPERTURBED | REQUIRED
improved solar ce.'s. Initiel ocutput in én
space and degradatiorn due to particulate and ude= ; '.' radiation cannct be
convincingly determined in grouod tests fog L. .ry.7: of cells, Exposure to
the real space environment - a your is neec:' ' validate grounds test

measuremen.s and to improve tme asccuracy of iour.d measurements.

4. SCHEDULE REQUIREMENTS  rirsTERVAEES ELiGHT DATE __ASAP
FXREENIBEVELOPMENT LEAD TIMELDitial 2 YEARS. TECHNOLOGY NEED DATE _Recuwrring

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS

cell arrays for conventional missions by T0% and reduce the weight for SEPS
wmission by 85%. Improved cells for these programs are in development. Space
tests are needed to validate the approaches pursued, identify deficiencies

early and promote user acceptance. (ells returned from these experiments would

PS Eﬁﬁ? or standards to set the IllumInaticn under solar s Ors.
T AL COST BENEFITS

array.

ESTIMATED COST SAVINGS $

6. RISK IN TFCHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS

REQUIRED SUPPORTING TECHNOLOGIES

7. REFERENCE DOCUMENTS/COMMENTS

FT (TDR-1) 7/75
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TITLE NO.
PAGE 2
COMPARISON OF SPACE & GROUND TEST OPTIONS
8. SPACE TEST OPTION TEST ARTICLE:
TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr
BENEFIT OF SPACE TEST:
EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kW
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION _ /
SPECIAL GROUND FACILITIES:
existivg: YEs [ wno[]
TEST CONFIDENCE __
9. GROUND TEST OPTION TEST ARTICLE:
TEST DESCRIPTION/REQUIREMENTS:
SPECIAL GROUND FACILITIES:
EXISTING: YES D NO D
GROUND TEST LIMITATIONS:
TEST CONFIDENCE
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cyY COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG & C/O
4. TEST & EVAL
TECH NEED DATE —_—
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS & )
12. DOMINANT RISK/TECH PROBLEM CO3T IMPACT PROBABILITY
COST RISK $ o

TTIDR Y 1175
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FUTURE PAYLOAD TECHNOLOGY NO. g
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1 :
1. REF.NO. 17 PREPDATE _8/7/15 REV DATE __LTR ?
CATEGORY _Electric _ Power
2. TITLE __ Environmental Tests of Materials for Advanced Solar Cell Arrays
3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

Verification of space worthiness of CURRENT UNPERTURBED REQUIRED

materials used in construction of ad-
vanced solar cell arrays. Materials include flexible substrate materials, new '
cover and encapsulant materials, and adhesives and cements. The space environ-

ment_ cannot be simulated in total in the laboratory and synergestic and rate
effects of temperature, oxygen, UV, and particulate radiation are known to be

important to many if not all the candidute materials.

iment
4. SCHEDULE REQUIREMENTS  FIRST PAYLOWD FLIGHT DATE _ ASAP
initial 2 years experiment
PAYLOAD DEVELOPMENT LEAD TIME turnabout” YEARS. EEGHNOI-B6Y NEED DATE Recurring

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS 6

TECHNICAL BENEFITS Present technology program aim to reduce the cost of solar cell]
arrays for conventional missions by 70% and reduce the weight for SEPS Missions
by 85%. New materials must te used and their optical and mechanical properties
must be validated in space. The need will become even more critical for the
development of tne ultra light weight, 30-year-life array for SSPS.

POTENTIAL COST BENEFITS

ESTIMATED COST SAVINGS $

6. RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS

REQUIRED SUPPORTING TECHNOLOGIES

7. REFERENCE DOCUMENTS/COMMENTS .

FT {TDR-1) 7/75

20 REPRODUCIBILITY QF THE
~_ ORIGINAL PAGE I3 POOR

e e e e s - o~




1Y

- e 1 {

[,

[

TITLE NO

PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE:

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr

BENEFIT OF SPACE TEST:

EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kW
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES:

existing: Yes [ ~o [

TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

UV |
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK cy COST ($) COST ($)

1. ANALYSIS

2. DESIGN

3. MFG & C/0

4. TEST & EVAL

TECH NEED DATE

GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST $§ (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COSTRISKS _ 3 )
FIIDR N 7775
23
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FUTURE PAYLOAD TECHNOLOGY NO.

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
1. REF.NO. PREP DATE REV DATE LTR
CATEGORY

2. TITLE _Liquid Metal Slip Ring Experimept

3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

Demonstrate in space the technology of CURRENT | UNPERTURBED REQUIRED

transferring power across rotating joints

by liquid metal slip rings. Ground demonstrations have progressed to the point
that a demonstration in space can be conducted. R

A separate step of this effort would be to perform a similar space experiment
but with the Kilovolt and Kilowatt levels that are needed for SEPS and beyond.

4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE __1980
PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS
TECHNICAL BENEFITS Yith ever increasing smounts of power use being projected,

each loss in the power train becomes more and more sigr ficant. Conventional

ower _across a rotating joint, such as from & sun seeking solar
array to the spacecraft bus, typically poses limitations such as noise, life,
high power loss, stiction and friction. Liquid Metal Slip Rings can signifi-

SRR AL COSTaeNERRSe problems.

ESTIMATED COST SAVINGS $

6. RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS _As a result of ongoing technology efforts there is little
technical risk in advancing this to the flight test level.

REQUIRED SUPPORTING TECHNOLOGIES

7. REFERENCE DOCUMENTS/COMMENTS Liquid Metal Slip Ring Experiment,
LeRC proposal submitted for LDEF.

FT (TDR-1) 7/75
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TITLE NO.
PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: _LDEF type article consisting of swall solar
array, electronics, Liquid Metal Slip Rings, stepping motor.

TEST DESCRIPTION : ALT. {max/min) / km, INCL. deg, TIME hr
LDEF parameters are acceptable.

BENEFIT OF SPACE TEST: Low_gravity and envircnment typical of orbitting spacecraft.

EQUIPMENT:  WEIGHT 88 kg, SIZE 18 X 24 X 5  m POWER cgg%gined kW
POINTING not critical STABILITY not critical DATA
ORIENTATION sun side CREW: NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: exist at LeRC

existing: Yes ] ~o[]

TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE: Various ground tests have been and are
being conducted, the next logical step is to accomplish a space flight.

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

_—%
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK cy COST ($) COST ()

1. ANALYSIS

2. DESIGN

3. MFG&C/0

4. TEST & EVAL

TECH NEED DATE

GRAND TOTAL GRAND TOTAL

11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $

12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK $

F1(1DR-2) /75
25
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FUTURE PAYLOAD TECHNOLOGY NO.

TESTING AND DEVELOPMENT REQUIRE!ENT PAGE 1
REF. NO. PREP DATE REV DATE LTR
CATEGORY
TITLE _ Extended and Environymental Testing of Solar Array Mechanisms and
Materials
TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

CURRENT UNPERTURBED REQUIRED

A variety of solar array mechanisms
(primarily drives) and materials (e.g.

structures, lubricants, conductors, insulators) have been flown and are in
various levels of ground testing and development. With the anticipated move

towards longer life it appears desirable to: sele~t a standard drive configura-
tion to eliminate railures due to configuration differences, and to test that

configuration for extended periods, and; evaluate materials' performance in a
space environrent and as a system rather then a component.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE
PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS _Life time extensions and increased confidence of solar array

mechanisms; evaluation of solar array materiais in a realistic environment as a
system.

POTENTIAL COST BENEFITS

ESTIMATED COST SAVINGS §

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS

REQUIRED SUPPORTING TECHNOLOGIES _ Materials, structures.

REFERENCE DOCUMENTS/COMMENTS

FT (TDR-1) 7/75
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TITLE NO.

PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: _Present. apd new design solar array drive

mechanisms for comparison under load and extended testing; candidate materials

Not critical

for arrays and mechanisms in a representative configuration and environment.

TEST DESCRIPTION : ALT. {max/min} / km, INCL. deg, TIME hr

BENEFIT OF SPACE TEST: _ Evaluation in low gravity and typical space environment for

long term effects.

EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES:

TEST CONFIDENCE

existing: Yes [] ~o[]

9. GROUND TEST OPTION TEST ARTICLE: _ In work at various locations but often as

discrete tests only or not on a comparison basis.

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

GROUND TEST LIMITATIONS:

EXISTING: YES D NO D

TEST CONFIDENCE

-—ﬂm—w
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK CcY COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3 MFG&C/O
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § {SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK $

f1{1IDR-2} 7/75
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FUTURE PAYLOAD TECHNOLOGY NO.

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
REF. NO. PREP DATE REV DATE LTR
CATEGORY

TITLE _In Space Assembly of High Pover, Power Transfer Devices

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

High power transfer across rotating CURRENT UNPERTURBED REQUIRED

Joints such as solar arrays may in the

near future depend upon transfer devices such as the Liquid Metal Slip Ring.
The IMSR design is driven structurally more by the demands to survive launch

loads than by on-orbit loads. Assembly in space could simplify, lighten and
make more relisble IMSR's.

. B bl R RS S R i ol R e R

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE
PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEFD DATE

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS
TECHNICAL BENEFITS !

easily assembled in space by uachine, by man or some combination. With the
advent of large arrays to be assembled in space (SSPS) this could result in a
substantial weight and reliability savings,

POTENTIAL COST BENEFITS

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS Devise automated or simple man operated assembly techniques|
Must follow space demonstrations of Basic IMSR technology.

REQUIRED SUPPORTING TECHNOLOGIES "Liquid Metal Slip Ring Experiment," LeRC
proposal for LDEF.

REFERENCE DOCUMENTS/COMMENTS

FT (TOR-1) 7/75
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TITLE NO

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: _LMSR for high power transfer, automated
assembler, human observor/participator.

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr

BENEFIT OF SPACE TEST: _Demonstrate technigue, benefits by low gravity apnd space

environment.
EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES:

exisTing: YEs [ ] ~o[]

TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

%
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cYy COST (8) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG & C/0
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST §$ (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COST RISK § . B
FTOIDR ) 7475
29
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
1. REF.NO. 17 PREP DATE _8/7/75 REV DATE LTR

CATEGORY _Electric Power

2. TITLE Environmental Tests of Advanced Salar Cell Modules and Suberrays

3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART
CURRENT UNPERTURBED REQUIRED

Verification of space worthiness of im-

proved solar cell arrays, including more
efficient and radiation resistant solar cells, new cover and encapsulant

materials, flexible substrate materials, and modules or subarrays made from the
improved components and using new manufacturing techniques to reduce cost and
welght and improve life and reliability. The space environment cannot be simu-
lated in total in the laboratory and synergistic and rate effects of temp.,

oxygen, UV, and particulate radiation are known to bz important to many of the
materials to be used.

s, |

experiment
4, g}({:;!eEr ULE REQUIREMENTS Fl%} LIGHT DATE _ASAD
m-DEVELOPMENT LEAD TIME ofit” YEARs- TECHNOLOGY NEED DATE Recurring

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS _Present technology programs aim to reduce the cost of solar
cell arrays for conventional missions by T0% and reduce the weight for SEPS by

85%. These programs require space tests to validate the space worthiness of the

approaches, identify defjciencies early, and promote user acceptance. Similar
l needs will be more critical for development of the very light weight SSPS array.

POTENTIAL COST BENEFITS

ESTIMATEC COST SAVINGS $

6. RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS

REQUIRED SUPPORTING TECHNOLOGIES

7. REFERENCE DOCUMENTS/COMMENTS

FT (TDR-1) 7/75
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TITLE NO.
PAGE 2
COMPARISON OF SPACE & GROUND TEST OPTIONS
8. SPACE TEST OPTION TEST ARTICLE:
TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr
BENEFIT OF SPACE TEST:
EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /
SPECIAL GROUND FACILITIES:
existing: Yes [] w~o[]
TEST CONFIDENCE
9. GROUND TEST OPTION TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

10. SCHEDULE & COST

S —
———
SPACE 7EST OPTION

GROUND TEST OPTION

TASK Ccy

COST ($) COST ($)

1. ANALYSIS

2. DESIGN

3. MFG& C/O

4. TEST & EVAL

TECH NEED DATE

GRAND TOTAL

GRAND TOTAL

11. VALUE OF SPACE TEST $

{SUM OF PROGRAM COSTS § e )

12. DOMINANT RISK/TECH PROBLEM

COST IMPACT PROBABILITY

COST RISK $

FT(OIDR 2 2iT5
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I. Energy ¢ vces & Conversion (Contd.)
B. Solar & Nuclear Thermo Electric
The following experiments have resulted from the heat source and energy
conversion technologies.
1. Demonstration of Emergency Cooling System in Zero Gravity for
the Brayton Isotope Power System
2. Demonstretion »f Brayton Isotope Power System in Pointing
Experiment for Large Concentrators
3. Scalable, Free Flying Facility for Testing of High Power
Density Components
L. Demonstration of & 500 KWe Solar (Brayton*) Space Power
System for Transmitting Electric Power to Earth
5. Demonstration of a 100 KWe Nuclear Space Power System
(Brayton, Thermionic) for Electric Power or Propulsion

*Competing Technologies include photovoltaic, Brayton, Rankine and Thermionic
energy conversion systems.

The proposed experiments are stepping stones to user acceptability of
advanced power systems and are therefore demonstration type experiments. 1In
one case, the demonstration experiment is combined with another technology to
increase cost effectiveness of space testing. The experiments recommended cover
the entire range of power anticipated, namely from 1-2 KWe range of Brayton
Isotope Power Systems to the 100 KWe nuclear system and scaled model of the MWe
class system. Since it is not clear which of the competing technologies will
surface with the greatest advantages and widest applications, the energy con-
version systems selected are tenative.

All experiments are considered opportunity driven.

[BILITY QF TH:
QRIGINAL PAGE 18 POOK
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1

1.

REF. NO. PREP DATE REV DATE LTR
CATEGORY _Electric Power

2.

TITLE Demopstrate Emergency Cooling System in Zero Gravity for Braytom

Isotope Power Svystem

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

CURRENT UNPERTURBED REQUIRED

A wn te n_space which demonstrate
capability of emergency cooling system of

Brayton Isotope Power System (BIPS) is required as a first step toward demon-
strating BIPS. A heat sowrce capable of providing approximately 2400 watts at
temperatures up to 3500t 1s required. This 1s a transJent test Taking up to
100 hours to complete. High temperature measurements are required. The purpose

of this test is to determine the transient temperature of the isotope heat source
during activation of the emergency cooling system.

4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1980
PAYLOAD DEVELOPMENT LEADTIME ___1.5 __YEARS. TECHNOLOGY NEED DATE .__LQ&.L__
5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS (a) Will demonstrate passive system which prevents unsafe
temperature excursion of isotope fuel (safety related)

(b) Will permit use on payioads for future missions presently
planned for RTG power sources,

POTENTIAL COST BENEFITS Development of Brayton Isotope Power System could result

in a savings of $,000 per We for each RTG power source replaced by Brayton.

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS Djifficult experiment requiring high temperature heat source
apd high temperature measurements.

REQUIRED SUPPORTING TECHNOLOGIES High temperature sensing. Transient measure-
ments.

7.

REFERENCE DOCUMENTS/COMMENTS

FT {TDR-1) 2/75




TITLE

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: _Meltdown tegt experiment of multifoil in.

sulation system of Brayton Isotope Power System

SPECIAL GROUND FACILITIES:

TEST DESCRIPTION : ALT. (max/min) 200 / 200 km, INCL, deg, TIME 200 1y
BENEFIT OF SPACE TEST:

. a8
EQUIPMENT:  WEIGHT 100# kg, SIZE 20! afe 2om m,POWER 2-L4 Kwe kw
POINTING hone unlesc solar STABILITY DATA
ORIENTATION  heat source CREW:  NO. OPERATIONS/DURATION /

TEST CONFIDENCE

existing: Yes [ ~o[F)

9. GROUND TEST OPTION TEST ARTICLE: same as 8

TEST DESCRIPTION/REQUIREMENTS: _ conduct meltdow

SPECIAL GROUND FACILITIES: Vacuum test chamber

tenperatures

EXISTING: YES [] No []

TEST CONFIDENCE
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK cy

COST ($)

COST ($)

1. ANALYSIS

2. DESIGN

3. l1AFG&C/0

4. TEST & EVAL

TECH NEED DATE

*

GRAND TOTAL

SLQUK|

GRAND TOTAL

11. VALUE OF SPACE TEST §

(SUM OF PROGRAM COSTS §

12. DOMINANT RISK/TECH PROBLEM

COST IMPACT

PROBABILITY )

COST RiSK §

FTOIDR V) 75
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1

1.

REF. NO. PREP DATE REV DATE LTR
CATEGORY

2,

TITLE _Demonstration of Brayton Isotope Power in Pointing fxperiment for

Large Concentrators

TECHWOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

The Brayt [ ope Power System (BLPS) CURRENT UNPERTURBED REQUIHED
will be ground demonstrated in the 1977-78
time perjod. Space demonstration is reaguired for user acceptability. It 1o
possible to combine BIPS with an experiment which develops technology for
pointing of large arrays (concentrators). The BIPS will provide basic power

for station keeping and pointing. Au optical collimator with ¢ light sensor can

evaluate pointing capability. The experiment can be run for an extended time
pericd (several years) to prove out capability and lire.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE __1980
PAYLOAD DEVELOPMENT LEADTIME ____ 2 YEARS. TECHNOLOGY NEED DATE 1952

BENEFIT OF ADVANCEMENT NUMBFR OF PAYLOADS

TECHNICAL BENEFITS a) Demonstrate space capability of BIPS .
b) Develop technology ror pointing of large arrays (will

venefit payloads presently planned for RTGs).

POTENTIAL COST BENEFITS (Coyld result in & savings of $0,000 We tor each RTG
power source replaced by Brayton.

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS _ Minimal. OSystem to be zround tested in 1977-78 time
perjod.

REQUIRED SUPPORTING TECHNOLGSIES Guidance and Control

REFERENCE DOCUMENTS/COMMENTS

FT(TDR 1 775
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TITLE NO.

PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

Febn st TR W ot Ao B N 61y 5 ok R A 0N 3

8. SPACE TEST OPTION TEST ARTICLE: ___Demonstration Test of BIPS coupled with
pointing experiment.
several
.ST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME years hr
Gecsynchrousous orbit
BENEFIT OF SPACE TEST: _Demopstration & user acceptability = =
EQUIPMENT:  WEIGHT Loo# BIPS *.SIZE_ 2 X X m POWER _ 1.2 kW
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /
SPECIAL GROUND FACILITIES:
existing: Yes [} w~o[]
TEST CONFIDENCE
9. GROUND TEST OPTION TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES E] NO D

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

M ——————————————
prn—

.__——_'————ﬂm
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK CcY COST ($) COST (8)
1. ANALYSIS
2. DESIGN
3. MFG&C/0
4, TCST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COST RISK § o
TTODR D) T/T75
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
1. REF.NO. PREP DATE REV DATE LTR
CATEGORY _Electric _Power and Thermal Control
2. TITLE _Free-Flying Facility for Testing of High-Power Density Components
3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

CURRENT UNPERTURBED REQUIRED

The required technology advancement is a
scalable shuttle-launched, free-flying
facility for experimentation and demonstration related to high-power-density de-
vices and phenomena. The facility includes a high-power-density source, normally
a radioisotope, cooled by a metallic-fluid heat pipes which heats the emitter of a
thermionic converter having a collector cooled by a heat-pipe radiator. Some
evaluaticns may require several thermionic-converter, heat-pipe modules which

b i a_pow essj e zes S -
mentation, control, data-handling, and transmission equipment needed for the

experimentation or demonstration. Replacing a standard component of this facility
during fabrication with an experimental element allows testing or (Continued )

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE __1980 ST
PAYLOAD DEVELOPMENT LEAD TIME _3 to 4  YEARS. TECHNOLOGY NEED DATE _Dow

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS
TECHNICAL BENEFITS _This facility will allow high-power-density testing and

verification in space of some essential thermal-control and electric-power

components .

POTENTIAL COST BENEFITS The facility enables such testing and verification with-

out large-space-station powver.

ESTIMATED COST SAVINGS $ dependent on
number of missions

7.

Material selection and evaluation

-t

RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS g ) Radioistope hapdline (perhaps manifold heat-pipe cooling)
b) Use of heat pipes and converters not verified in space as
standard facility components (but verification of these in such a facility is

desirable)

c) Scaling to various power levels (solved by varying the

n thermionic-converter, heat-pipe modules
]ﬁnElQUIRED SUPPORTING TECHNOLOGl’E “PLP )

Thermionic conversion
Metalllc-fluid heat pipes

REFERENCE DOCUMENTS/COMMENTS RTOP's 506-24-26 and 506-16-31; NASA, ERDA

Thermionic-Conversion Program Reviews; Outlook for Outer Space; future Payload
Technology Requirements Study

FT(TDR.1) 7/75
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TITLE NO.
PAGE 2
COMPARISON OF SPACE & GROUND TEST OPTIONS
8. SPACE TEST OPTION TEST ARTICLE: _ Described in 3
TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr
Described in 3
BENEFIT OF SPACE TEST: __ Described in 5
EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kW
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /
SPECIAL GROUND FACILITIES:
existing: YEs [ ~o[]
TEST CONFIDENCE
9. GROUND TEST OPTION TEST ARTICLE:
TEST DESCRIPTION/REQUIREMENTS: __ Ground evaluation leading to performance-life and
verification-testing in space is desirable.
SPECIAL GROUND FACILITIES:
EXISTING: YES [} No [
GROUND TEST LIMITATIONS: __ Ground tests cannot substitute for space-flight
verification
TEST CONFIDENCE
e
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cy COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3. MFG & C/0
4. TEST & EVAL
TECH NEED DATE
GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS § )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COSTRISKS o

T ADRM TN
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1.

DEFINITION OF TECHNOLOGY REQUIREMENT NO.

TECHNOLOGY REQUIREMENT (TITLE): _Free-Flving Facility =~ PAGE OF _1_
for Testing of High-Power Density Components

3. (Continued)

demonstration of thermal-energy acquisition, transmission, conversion, or
rejection or electrical processing, each at high-power densities.

Fcs example, such replacements would enable tests of solar-concentrator
models, new heat pipes, improved thermionic converters, radiator modules, or
the latest processing developments for low-voltage, high-current power.
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1

1. REF.NO. PREP DATE REV DATE LTR

CATEGORY Electric Power

2. TITLE Demonstration of a 500 Kwe Solar Brayton Space Power System (SPS) for

Transmitting Electric Power to Earth

3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

The dynamic conversion systems are strong CURRENT UNPERTURBED REQUIRED

candidates for the space power system

which will convert solar energy to electric power and microwave energy for

beaming to Earth. A model of such a system should demonstrate in space the

capabilities of a full sized power system. A scaled model of this system should

demonstrate performance, life, reliability, size and weight characteristics in

space.

4. SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE __ 1965

PAYLOAD DEVELOPMENT LEADTIME __ 3 YEARS. TECHNOLOGY NEED DATE

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS
TECHNICAL BENEFITS a) Reduced weight of system. Directly benefits large space

power system.

POTENTIAL COST BENEFITS Suybstantial reduction in cost of SPS and reduced number

of launches to place in orbit.

ESTIMATED COST SAVINGS $

6. RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS gl Pointing requirement of large concentrator
b) Thirty year life of Turbo machinery

c) Single point failure wode (loss of working fluid)

REQUIRED SUPPORTING TECHNOLOGIES _ Large structure pointing and control

7. REFERENCE DOCUMENTS/COMMENTS

FT (TDR-1} 7/75
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TITLE NO.
PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: __A model of the Brayton power system for
beaming converted solar energzy to FEarth.

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME b

Gegsynchronous orbit

BENEFIT OF SPACE TESYT: _Demonstration

EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kW
POINTING 0.05 deg. STABILITY 0.05 deg. DATA
ORIENTATION  Sun CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES:

existing: YEs ] no (]

TEST CONFIDENCE

9. GROUND TEST OPTION  TEST ARTICLE: Rrayton Pover system without concentrator

TEST DESCRIPTION/REQUIREMENTS: _Ground test demonstration of Brayton power system
without solar ccopcentrator and radiator. Turbomachinery and reciperator will

be tested in vacuum with heat added and rejected by simplified means.

SPECIAL GROUND FACILITIES: [arge vacuum facility

EXISTING: YES m NO D

GROUND TEST LIMITATIONS: _Cannot test complete system which receives and concen-
trates solar energy, converts to high voltage D.C. power, converts to microwave

eceipt a conversion t TEST CONFIDENCE
s |
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK cy COST ($) COST (8)

1. ANALYSIS

2. DESIGN

3. MFG&C/O

4. TEST & EVAL

TECH NEED DATE

GRAND TOTAL GRAND TOTAL

11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $

12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

———————— - s e

COST RISK $

FTODR2Y /75
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1

1. REF.NO. PREP DATE REVY DATE LTR
CATEGORY _Llectric Powver

2. TITLE Demonstration of a 100 Kwe Nuclear Space Power System {Brayton Thermionic )

for Electric Power or Propulsion.

3. TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

. . CURRENT | UNPERTURBED REQUIRED
There are certain space misgions such as |
ngar sub orbit, exploration of distant

planets or disposal of hazardous nuyclear materjal which require high specific
impulse thrusters. This experiment will demonstrate the capability of the
selected nuclear heat source and conversion system resulting from the competing
vechnology efforts. The system will have ready growth to 500 Kwe level and even
be adaptable to higher power levels. This experiment should demonstrate perfor-_

mance, life, reliability, size and weight characteristics in space by orbiting in
near sun orbit.

4, SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1985
PAYLOAD DEVELOPMENT LEAD TIME 3 YEARS. TECHNOLOGY NEED DATE 1990

5. BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS
TECHNICAL BENEFITS _Provide mission capability not available from any other
source.

POTENTIAL COST BENEFITS

ESTIMATED COST SAVINGS $

6. RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS

REQUIRED SUPPORTING TECHNOLOGIES

7. REFERENCE DOCUMENTS/COMMENTS

FT (TDR-1) 2/7%
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TITLE NO.

PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE:

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME

hr

BENEFIT OF SPACE TEST:

EQUIPMENT: WEIGHT kg, SIZE X X m, POWER kW
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES:

TEST CONFIDENCE

existing: Yes [} ~o [

system.

9. GROUND TEST OPTION TEST ARTICLE: Nyclear heat source and power conversion

TEST DESCRIPTION/REQUIREMENTS: Will require testing facility in vacuum.

SPECIAL GROUND FACILITIES: Large vacuum test facility

GROUND TEST LIMITATIONS: __ none

EXISTING: YES NO D

TEST CONFIDENCE

IV |

10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK cy COST ($) COST ($)

-

1. ANALYSIS

2. DESIGN

3. MFG&C/O

4. TEST & EVAL
TECH NEED DATE

GRAND TOTAL GRAND TOTAL

11. VALUE OF SPACE TEST § {SUM OF PROGRAM COSTS $

12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK $

P1(IDR ) 1175
43
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I. Fnergy Sources and Conversion (Contd.)
C. Energy Conversion - Chemical
A significant cost/weight penalty is presently paid on shuttle due
to measurement inaccuracies in reactant tanking residuals. The need for more
accurate techniques at gauging two phase cryogens is recognized. A test pro-
gram is formulated using RF resonant cavity mode analysis which should achieve

better the + 1% accuracy.
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1

REF.NO. PREP DATE REV DATE LTR

CATEGORY _ Electrjic Power

TITLE _Radio Frequency Mass Quantity Gauging

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

t 14 & acy with RF |-CYRRENT | UNPERTURBED REQUIRED
resonant cevity mode apnalysis technique X

of gauging two phase cryogens in low gravity fields.

Testing in a low gravity environment is esbsolutely necessary for the

perfection of this technique.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE

PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE

BENEF!IT OF ADVANCEMENT NUMBER OF PAYLOADS _____ *

TECHNICAL BENEFITS Hishly accurate and simple quantity gauging in "o" g has

not yet been successfully demonstrated. The obvious advantage of such a system

would be a reduction in tanking residuals due to gauging inaccuracies.

POTENTIAL COST BENEFITS Qp the shuttle, for instance, a 1% increase in accuracy

would save 1T7.5 lbs. of fuel cell reactants. At $50/lb. this would save $875K

per flight.

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS Optimization of the best averaging techniques for more than

ane resopant mode, Development of a signal conditioner and electronics to

detect, track and process the frequency info into analog/digital output.

REQUIRED SUPPORTING TECHNOLOGIES

REFERENCE DOCUMENTS/COMMENTS

FT (TDR-1) 7/75
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TITLE NO.

PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8.

SPACE TEST OPTION TEST ARTICLE: _An instrumented cryogenic tank to be flown
in low earth orbit to verify system operetion.
TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr
BENEFIT OF SPACE TEST: _Normal (one "g") gravity does not verify system accuracy or
operation.
EQUIPMENT:  WEIGHT  TpRp kg, SIZE X X m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW: NO. OPERATIONS/OURATION /

SPECIAL GROUND FACILITIES: None

existing: Yes [ no [T

TEST CONFIDENCE __High

GROUND TEST OPTION  TEST ARTICLE: _ Flight Article

7

TEST DESCRIPTION/REQUIREMENTS: __ Calibration Only

SPECIAL GROUND FACILITIES:  None

EXISTING: YES D NO D

GROUND TEST LIMITATIONS: Used to calibrate only.

TEST CONFIDENCE

10

-———_—“ﬁ
. SCHEDULE & COST STACE TEST OPTION GROUND TEST OPTION

TASK cy COST ($) COST ($)

1. ANALYSIS

2. DESIGN

3. MFG & C/0

4. TEST & EVAL

TECH NEED DATE

GRAND TOTAL GRAND TOTAL

11

. VALUE OF SPACE TEST § {SUM OF PROGRAM COSTS $

12

. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK S __

F1TADR N T IR
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II. Power Processing, Distribution, Conversion and Transmissions

In the power processing, distribution, conversion and transmissicn area of
power system performance, four specific mission directed experiment areas have
been delineated. These experiments will substantially improve the ability of
power systems to meet the projected flight mission requirement.

Significant increases in shuttle sortie experiment payload capability and
mission duration can be obtained by not requiring the shuttle to carry sufficient
power capability for the total mission time on each flight. Instead a self-
contained, unattended utility power station experiment, to be stored in space and
used when needed, is proposed. Existing solar array technology and developing
shuttle fuel cell capabilities are available to support its design and implemen-
tation. As proposed, the power station experiment would be used many times,
thereby allowing the experiment cost to be paid for by the reduced number of
shuttie sortie flights and the additional payload capability on each flight.

Interactions between the space plasmas and high voltage surfaces (e.g.
high voltage solar arrays required for SSPS and solar electric propulsion) must
be understood before necessary high voltage technology advances can be realized.
In addition, recently identified spacecraft charging phenomena must be understood
in order to prelude future spacecra‘t failures. Ar experiment to cbtain the
necessary flight engineering data required ls proposed to more fully understand
the observed phenomena. A companion experiment would investigate the interaction
between thruster generated plasma and high voltage surtaces.

Major advancements are envisioned in the methodology of cooling power
system components by including heat pipes as an integral part of the components.
Conventional thermal control techniques for cooling electrical components yield

excessive temperature drops between the component and the thermal disspation area.

47
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The addition of heat pipes as an integral part of the components could signifi-
cantly reduce these drops. An experiment is proposed to demonstrate the suit-
ability of integral heat pipe technology in power system componetry designs;
extended zero-g lifetime exposure is required to confirm the adequacy of the
selected design approach.

In orbit demonstration of the solar electric propulsion system's operational
capabilities is outlined. In flight experience will greatly increase user con-
fidence in this advanced propulsion technique, as well as provide additional
information or plasma interactions, high voltage system design applications and

long term lightweight array performance.

.h!_.



FUTURE PAYLOAD TECHNOLOGY NO.

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
REF.NO. Technology Reg't "C"PREPDATE 8/8/75 _ REVDATE LTR
CATEGORY [Electric Pover —_—
TITLE Unattended Utility Pc-er Station
TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART
a . CURRENT UNPERTURBED REQUIKED
LPemonstration of techpology mow in —
existance (solar arrev) and under L 5 1

development (fuel cell) to provide unattended power producing station capabilityd
No advances beyond present state of the art are ‘equired. Long life ( >10 years)
operation of the system is required, with periodic shuttle visits to refurbish

~pecessary fuel cell compopentry.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1981
PAYLOAD DEVELOPMENT LEAD TIME ______J YEARS. TECHNOLOC f NEED DATE 1979 |

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS >_5°.____.
TECHNICAL BENEFITS [ncreased shuttle experiuent payload capability for extended

mission duration as it would not be necessary to carry sufficient energy to
power the shuttle for the entire mission duration.

POTENTIAL COST BENEFITS Fewer shuttle launches

ESTIMATED COST SAVINGS §

RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS _(a) Interaction of 10-20 KWe solar array with regenerative
fuel cel. system

(b) Fyel Cell reactant storage .

REQUIRED SUPPORTING TECHNOLOGIES _{a) Shuttle fuel cell development

(b) Self aligning multipin electrical connector assembly (DTR No. A)

(c) Regenerative fuel cell technology based on shuttle fuel cell development.

REFERENCE DOCUMENTS/COMMENTS __The 197: _NASA Payload Model

FT{(TDR-1} 7/7%
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TITLE NO

PAGE 2

I

8.

COMPARISON OF SPACE & GROUND TEST OPTIONS

SPACE TEST OPTION TEST ARTICLE: _Unattended pover station, consisting of
a 10-20 KV solar array/regenerative fuel cell system.

TEST DESCRIPTION : ALT. (max/min) 500 [ 200 km, INCL. any  deg, TIME 10,000 ny

Demonstrate feagibility of long life, unattended power generating stations in
orbital operatiocn.

BENEFIT OF SPACE TEST: _Long term in orbit demonstration of full size power station
operation in flight environment.

EQUIPMENT:  WEICHT 00 kg SIZE 19 X 19 X _o. mPOWER _310.p0 W
POINTING 1.0 degree STABILITY 0.5 degree DATA  ==-=---

ORIENIATION _ sun pointing CREW:  NO._1  OPERATIONS/DURATION _2 [ea i day

SPECIAL GROUND FACILITIES: o100 vacuum test chambers

EXISTING: YES no[]

TEST CONFIDENCE _0.9

GROUND TEST OPTION TEST ARTICLE: Feasibility small test module of
unattended utility power station.

TEST DESCRIPTION/REQUIREMENTS:  Fabricate and test scale model power station
system.

SPECIAL GROUND FACILITIES: large vacuum test chambers

—_ EXISTING: YES NO D
GROUND TEST Lin.JITATIONS: Inability to test full scale power station under orbital
environmental conditions_.__

TEST CONFIDENCE 0,5

10.

TASK (% 4 COST (8) COST (8)

T |
SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

1. ANALYSIS

2. DESIGN

3. MFG&C/0

4. TEST & EVAL

TECn EED DATE

a GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST $ (SUM OF PROGRAM COSTS $ — )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COSTRISKS B
f1IDR D) 1T
%0 REPRODUCIBILITY OF THF

ORIGINAL PAGE IS POOP
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FUTURE PAYLOAD TECHNOLOGY NO.

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
REF. NO. PREF DATE REV DATE LTR
CATEGORY
TITLE Sphinx B
TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

Obtain the engineering data that is CURRENT UNPERTURBED REQUIRED

necessary to design electrical systems

that can be exposed to the space eanvironment over a wide range of plasma
densities and operating voltages and to obtain flight data that will serve as

a reference set for future ground testing.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1980
PAYLOAD DEVELOPMENT LEAD TIME 4 YEARS. TECHNOLOGY NEED DATE — 1970

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS ____ 1

TECHNICAL BENEFITS Interactions between plasmas of space and high voltage
surfaces must be understood before the necessary high voltage technology

advances can be realized. Also, recently identified spacecraft charging

-phepamens must be understood to prevent, by design, future spacecraft fajilures.

POTENTIAL COST BENEFITS See LeRC letter "SPHINX B/C Benefits Study," D.J. Shramc
to J. lazar, 5/19/75.

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS The technology to accomplish this experiment exists.

RECUIRED SUPPORTING TECHNOLOGIES _SPHINX C is & companion experiment

REFERENCE DOCUMENTS/COMMENTS [eRc Preliminary Plap for Space Plasma High
_Voltage Interaction Experiment Sateliites (SPHINX B/C), February 28, 1975.

FT (TDR-1) 7/78
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TITLE  Schinx B NO.
PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: _Sphinx B Spacecraft, Nearly identical to
the Sphinx A spacecraft lost on the Proof flight Titan/Centaur launch.

TEST DESCRIPTION : ALT. (max/min) 35,000 7 1000 km,INCL. __ 18 deg, TIME hr

BENEFIT OF SPACE TEST: _Resolve orders of magnitude differences of ground test
facilities; obtain data for which ground test facilities are inadequate.

EQUIPMENT: WEIGHT 102 kg, SIZE SELF ¥ONTAINELX m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: _ Required ground facilities exist at LeRC

existing: Yes [ no[]

TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE: _Ground tests using all available reasonable

facilities have been and are being used. However, orders of magnjitude differ-

e 1t between these facilities which can be resolved only with a test in
TESPBERCRIBTION/REGUIREMENTS, space. * * Y

SPECIAL GROUND FACILITIES:

EXISTING: YES Eq NO D

GROUND TEST LIMITATIONS:

TEST CONVIDENCE

10. SCHEDULE & COST SPACE TEST OPTION GR.)UND TEST OPTION

TASK cY 761 771 78 | 79 [980]|COST ($) Icosr ($)
1. ANALYSIS
2. DESIGN
3. MFG & C/C;
4. TEST & EVAL A4

TECH NEED DATE *

GRAND TOTAL 6564K GRAND TOTAL

11. VALUE OF SPACE TEST $ see reference {SUM OF PROGRAM COSTS $
*includes both Sphinx B and C

12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK $

FTODR2Y 1475
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FUTURE PAYLOAD TECHNOLOGY NO.

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
REF. NO. PREP DATE REV DATE LTR
CATEGORY

TITLE Sphinx C

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

Demonstrate in a space environment the CURRENT UNPERTURBED REQUIRED

technology readiness of the eight

centimeter ion thruster system for its station keeping mission.

SCHEDULE REQUIREMENTS  FIRST PAYLOAD FLIGHT DATE 1980
PAYLOAD DEVELOPMENT LEADTIME _____ 4 _ YEARS. TECHNOLOGY NEED DATE 1980

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS
TECHNICAL BENEFITS Small ion thruster systems for attitude control and

satellites. A space demonstration is necessary to achieve user confidence
_S0 that these coct savings can be realized.

POTENTIAL COST BENEFITS _ See LeRC letter "SPHINX B/C Benefits Study,"
D.J. Shramo to J. lazar, 5/19/75.

ESTIMATED COST SAVINGS §

RISK IN TECHNOLOGY ADVANCEMENT
TECHNICAL PROBLEMS __ The technology exists.

REQUIRED SUPPORTING TECHNOLOGIES _ SPHINX B is a companion experiment.

REFERENCE DOCUMENTS/COMMENTS _ LeRC Preliminary Plan for Space Plasma
_High Voltage Interaction Experiment Satellites (SPHINX B/C), February 28, 1975.

FT (TDR-1) 7/7%
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TITLE NO.
PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS
8. SPACE TEST OPTION TEST ARTICLE: _SPHINX C SPACECRAFT
TEST DESCRIPTION : ALT. (max/min) 35,000 [ 1000 km, INCL. 18 deg, TIME hr

BENEFIT OF SPACE TEST: Demonstrate ion thruster system (including power processor

advances) operation in a space environment; investigate interactions of thruster
EoSenerated plasma and high voltage surfaces.

IPMENT:  WEIGHT 514 kg.$12E _SELF  ¥ONTA INEDX m, POWER kw
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES: _ Required ground facilities exist at LeRC

existing: Yes ] ~o[]

TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE: Ground tests on components and systems
have been and are being conducted full scale.

TEST DESCRIPTION/REQUIREMENTS: _However, facility limjtations are significantly
severe that plasma interactions cannot be accurately investigated.

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO G

GROUND TEST LIMITATIONS:

TEST CONFIDENCE

—_—
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cy 76 177 |78 179 |80 |cosT () COST ($)
3. ANALYSIS
2. DESIGN
3. MFG & C/O
4. TEST & EVAL _—
TECH NEED DATE *
GRAND TOTAL 656LK GRAND TOTAL
11. VALUE OF SPACE TEST § _See reference SUM OF PROGRAMCOSTS § e )
*includes both SPHINX B and C
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COST RISK $ —_

FTODRD) 1175
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1

1.

REF. NO. PREP DATE REV DATE LTR
CATEGORY

2.

TITLE _Flight Demonstration of Power System Components cooled by Integral Heat

Pipes

3.

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART
Demonstrate a major advancement in CURRENT | UNPERTURBED REQUIRED

cooling power system components by in-
~cluding heat pipes as an integral part of the components. Some of the

components to be considered are transistors, thrustors, magnetics, fuel cells:—
batteries.

—

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE
PAYLOAD DEVELOPMENT LEAD TIME _ YEARS. TECHNOLOGY NEED DATE

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS Conventional thermal control techniques in use today for

cooling components yield temperature drops from cirtical area (e.g., semi-
conductor Jjunction temp., transformer hot spot temp) to mounting area of

perhaps 50 to 75 degrees. Consequently these major heat producing components
are limiting factors in thermal design. The addition of heat pipes as integral

FOFHPRAHOOPEINERIE parts of the components could reduce these drops to per-
haps 5 to 10 degrees. Consequently the thermal design time can be greatly re-
duced; component lifetime limitations and test would be simplified.  Significamt
cost savings and rellability improvements
would accrue.

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS __Iearn how to integrate the heat pipes with the components
so as to minimize thermal drops; learn how to effectively electrically isolate
where needed.

REQUIRED SUPPORTING TECHNOLOGIES Heat pipes.

REFERENCE DOCUMENTS/COMMENTS

FT (TDR-1) 2/75
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TITLE NO

PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

SPACE TEST OPTION TEST ARTICLE: _A suitably designed power system with

heat pipes as a part of the major power dissipating components, and with
sujta

TEST DESCRIPTION : ALT. {max/min) / km, INCL. deg, TIME _ hr

BENEFIT OF SPACE TEST: _Primarily to use the zero g aspects of space, but also to

demonstrate this approach to potential users and designers.

EQUIPMENT:  WEIGHT kg, SIZE X X m, POWER kW
POINTING STABILITY __DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION /

SPECIAL GROUND FACILITIES:

existing: Yes [] ~no [

TEST CONFIDENCE

GROUND TEST OPTION TEST ARTICLE:

TEST DESCRIPTION/REQUIREMENTS: Some ground tests can be performed but heat pipe

operation in a 1 g field imposes certain limitations that can be slleviated
only in space.

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS: _ 1 g field

TEST CONFIDENCE

10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK cy COST ($) COST ($)

1. ANALYSIS
2. DESIGN

3. MFG & C/0
4. TEST & EVAL

TECH NEED DATE

GRAND TOTAL GRAND TOTAL

1.

VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS §

12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RISK $

FT{IDR 2V 7/75
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FUTURE PAYLOAD TECHNOLOGY ~No.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
REF. NO. PREP DATE REV DATE LTR
CATEGORY

TITLE SEPS Prime Propulsion Demonstration

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

CURRENT UNPERTURBED REQUIRED

Demonstrate for potential users the
primary propulsion thrust subsystem

under development.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE __Barly 80's
PAYLOAD DEVELOPMENT LEAD TIME YEARS. TECHNOLOGY NEED DATE

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS _A primary propulsion thrust subsystem is currently under
development. The risks of flying this subsystem on an operational mission may

be too large for many potential project managers to assume. These risks can

be significantly reduced by conducting a demonstration flight. Further bene-

fits would accrue for related technologies such as solar array voltage outputs

mm up to 400 V, plasma interactions with 30 cm thrusters, _

3 Kw/unit power processing, light weight arrays, ion thruster operations.

ESTIMATED COST SAVINGS $

RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS _Technology to accomplish the thrust subsystem experiment
should be in hand b~ 1979.

REQUIRED SUPPORTING TECHNOLOGIES Many .

REFERENCE DOCUMENTS/COMMENTS LeRC Program Plan for Primary Propulsion
_Thrust Subsystem.

FT (TDR-1) /75
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TITLE NO.
PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: _Thrust subsystem with necessary
ancillary equipment.

TEST DESCRIPTION : ALT. (max/min) / km, INCL. deg, TIME hr

BENEFIT OF SPACE TEST: Demonstrate capabilities and reliability for potential users

EQUIPMENT:  WEIGHT kg, SIZE X X m, POWER 20 kW
POINTING STABILITY DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION _several/ years

SPECIAL GROUND FACILITIES:

existing: Yes [ ] ~o[]

TEST CONFIDENCE

9. GROUND TEST OPTION TEST ARTICLE: _ Ground facilities can be used for ex-
tensive tests but are inadequate for final confidence demonstrations.

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

EXISTING: YES D NO D

GROUND TEST LIMITATIONS:

TEST CONFi. NCE

_—*
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION

TASK cy COST ($) COST (8)

1. ANALYSIS

2. DESIGN

3. MFG& C/O

4. TEST& EVAL

TECH NEED DATE

GRAND TOTAL GRAND TOTAL
11. VALUE OF SPACE TEST § (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY

COST RiSK §

F1TIDR ) 7i75
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III. Storage

The Power Working Group has identified two technology testing and
development requirements for space testing. Both of these requirements are
in the electrochemical technology area. They are primarily concerned with
electrolyte distribution, electrode material stability and retenticn, and

"o

gas bubble coverage of electrodes in the zero "g environment.
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FUTURE PAYLOAD TECHNOLOGY NO.
TESTING AND DEVELOPMENT REQUIREMENT PAGE 1

REF.NO. (E-17.5 PREP DATE __ 8/6/15 REV DATE LTR
CATEGORY __Electrjc Power

TITLE Silver Zinc Cell Experiment

TECHNOLOGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART
Data must be obtained for the design of CURRENT | UNPERTURBED REQUIRED
reliable (zero g ) high-rate, Ag-Zn L 5 T

cells for probe applications, synchronous orbits and 24 hr. orbits. Improved

1life at lower temperatures (0° C-15°C) is certain. The reliability of the

t_n

cells under zero ¢ and quantitative performance data are needed to achieve
the lowest possible design weight. Problems are: Zinc electrode deterioration

and dendritic growth, sliver mjgration, internal gassing and a limited

temperature range.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1979
PAYLOAD DEVELOPMENT LEAD TIME _ 2 -YEARS. TECHNOLOGY NEED DATE _—_%__—l 0

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS

TECHNICAL BENEFITS Lightweight z;el)i_able Ag-Zn batteries for probe applica-
tions and as an alternate to metal/gas batteries for orbital applications.

_Weight savings 1/2 to 1/3 of Ni compared to Cd batteries.

POTENTIAL COST BENEFITS Weight savings, increased reliability

ESTIMATED COST SAVINGS $ .50-100k/space-
craft

RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS Deterioraticn of the zinc electrode.
Limited temperature range.

REQUIRED SUPPORTING TECHNOLOGIES

FT (TOR.1) 7775

& ax;&angggl Effects on Electrochemical

REFERENCE DOCUMENTS/COMMENTS (oracr i8S, Mersdith, Robert B., Judlnall, 1

_Report_32-1570. "Reduced Gravity Battery Test Program,” Final Report, Contract
952121, The General Electric Company. The Effect of Weightlessness on the

Performanse of Batteries and Fuel Cells, Elsenberg, Morris Proceedings oY tne
12th Annual Battery R & D Conference; U.S. Army Signal lab, T358.

REPRODUCIBILITY OF TH1
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TITLE

Silver Zinc Cell Experiment

NO

PAGE 2

COMPARISON OF SPACE & GROUND TEST OPTIONS

8. SPACE TEST OPTION TEST ARTICLE: _Silver-zinc, 16 amp-hour sealed cell with
reference electrode and pressure transducers and thermistors.
TEST DESCRIPTION : ALT. (max/min) 200 [/ 400  km,INCL. A deg, TIME NA
BENEFIT OF SPACE TEST: ___Exposure to zero g.
EQUIPMENT: WEIGHT 5 kg,SIZE 0.5 X C.5 X 0.9 mPOWER O.l kw
POINTING _ NA STABILITY __+998 DATA
ORIENTATION NA CREW:  NO. OPERATIONS/DURATION /
SPECIAL GROUND FACILITIES: Test eqpt.
EXISTING: YES no [X]
TEST CONFIDENCE 95%
9. GROUND TEST OPTION TEST ARTICLE: NA

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

GROUND TEST LIMITATIONS:

EXISTING: YIS D NO D

TEST CONFIDENCE

__Deterioration of Zinc Electrode

10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cY 1 76 |77 |78 179 COST ($) COST ($)
1. ANALYSIS 20
2. DESIGN 20 X
3. MFG & C/O O
4. TEST & EVAL 4o
TECH NEED DATE
GRAND TOTAL 120K GRAND TOTAL
11. VALUE OF SPACE TEST $ _200K (SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
200K U5

COSTRISKS __ 100K

[N

IDR 2 1175
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FUTURE PAYLOAD TECHNOLOGY NO.

TESTING AND DEVELOPMENT REQUIREMENT PAGE 1
REF.NO. GE 17.5 PREP DATE _June '75 REVDATE _8/8/15 LTR

CATEGORY _Electric Power

TITLE _High Epergy Density Bettery Experiment

TECHNOLDGY ADVANCEMENT REQUIRED LEVEL OF STATE OF ART

Battery weight improvements in the order CURRENT UNPERTURBED REQUIRED

of 50% are required for automated space- L 5 7

craft missions of several years duration. The metal/gas batteries will meet
these requirements but must be aqualjfied in space if they are to be used. It
must be demonstrated that the cells will reliably discharge and accept charges

efficiently after long periods of weightlessness. The electrolyte must be
managed so as to prevent flooding the negative electrode during discharge and

to prevent bubble coverage of the negative electrode during charge.

SCHEDULE REQUIREMENTS FIRST PAYLOAD FLIGHT DATE 1979
PAYLOAD DEVELOPMENT LEAD TIME _ 2 YEARS. TECHNOLOGY NEED DATE _Ll 0

BENEFIT OF ADVANCEMENT NUMBER OF PAYLOADS __120
TECHNICAL BENEFITS _l. Higher energy density (8 per yr. I978-1991)

2. Simpler charge control

POTENTIAL COST BENEFITS Simple charge control system
Higher energy density

ESTIMATED C.JST SAVINGS $ 200k per space-

craft J

RISK IN TECHNOLOGY ADVANCEMENT

TECHNICAL PROBLEMS _Bubble coverage of negative electrode could prevent efficlent

charge of nickel-hydrogen cell.
Silver migration, water formation could mean shorter lire

for silver-hydrogen cells.

REQUIRED SUPPORTING TECHNOLOGIES _ Liquid mapsgement in zero "g"

REFERENCE DOCUMENTS/COMMENTS
_ Future Payload Tech Reg. CASO-NAS-75-00k June, 1975.
(Continued)

FTITDR 1) 775




TITLE High Energy Density Battery Experiment NO

PAGE

2
CGMPARISON OF SPACE & GROUNOD TEST OPTIONS

©  SPACE TEST OPTION TEST ARTICLE: Reduced gravity Battery Test System
TEST DESCRIPTION : ALT. (max/min) 500 [ 200 km,INCL.  NA deg, TIME he
BENEFIT OF SPACE TEST: ___ Exposure to zero "g" experivent .
EQUIPMENT:  WEIGHT 59 kg,SIZE 0.5 X 0.7 X 0.9 mPOWER 0.5 kW
POINTING STABILITY 6.05 DATA
ORIENTATION CREW:  NO. OPERATIONS/DURATION _3 ¥TsS. /[

SPECIAL GROUND FACILITIES: None

TEST CONFIDENCE _U.9

existing: YEs [ ~no[]

9. GROUND TEST OPTION TEST ARTICLE: NA

TEST DESCRIPTION/REQUIREMENTS:

SPECIAL GROUND FACILITIES:

GROUND TEST LIMITATIONS:

EXISTING: YES D NO D

TEST CONFIDENCE

[ r——-————-—--_—-———
10. SCHEDULE & COST SPACE TEST OPTION GROUND TEST OPTION
TASK cYy COST ($) COST ($)
1. ANALYSIS
2. DESIGN
3 MFG&C/O
4. TEST & EVAL
TECH NEFD DATE
GRAND TOTAL GRAND TOTAL
o
11. VALUE OF SPACE TEST § {SUM OF PROGRAM COSTS $ )
12. DOMINANT RISK/TECH PROBLEM COST IMPACT PROBABILITY
COST KISKS _
FIGIDR Y 1 TS
63
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

I |

1. TECHNOLOGY REQUIREMENT (TITLE): __High Energy Density PAGE 3 OF _1_
Battery fExperiment

REFERENCE DOCUMENTS/COMMENTS (Continued)

"Gravitational Effects on Electrochemical Batteries," Meredith, Robert
E., Juvinall, Gordon L., and Uchiyama, A.A.; JPL Technical Report 32-1570.

"Reduced Gravity Battery Test Program," Final Report, Contract 952121,
The General Electric Company.

"The Effect of Weightlessness on the Performance of Batteries and Fuel
Cells," Eisenberg, Morris Proceedings of the 12th Annual Battery R & D
Conference; U.S. Army Signal Lab, 1958.

"The Sealed Nickel-Hydrogen Secondary Cells," Giver, Jose, and Dunlop,
James D., J. Electrochemical Society 122 No. 1, p. 4, 1975.

"A Nickel-Hydrogen Secondary Cell for Synchronous Orbat Application,"”
Storkel, J. F., Van Omunering, Swette, L., and Geines, L. 8th IECEC
Conference, 1973 Proceedings, p. 87.

"Nickel Hydrogen Battery System," Klein, M., and Baker, B. S., 9th IECEC
Conference, 19TL4 Proceedings, p. 118.

"Nickel-Hydrogen Battery Development for Synchronous Satellites,"” Gandel,
M. G., Chang, R., and l'arsch, W. C., ibid. p. 123.

oF THR
RODUCIBILITY
ﬁgmmu PAGE I8 POOR
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BOOK II: MISSION DRIVEN TECHNOLOGY

-

I. Energy Sourccs and Conversion
A. Advanced Technolegy Requirements for Photovoltaics

The Solar Electric Propulsion System (SEPS) planned for use oun the Enke
Rendezvous Payload (PL-24, 1973 Mission Model) requires an 85% weight reduction
of the sclar cell arrays. This can be accomplished by developing advanced
silicon solar cells and light weight array support structures. Advancements of
silicon solar cell technology include increased initial and end-of'-life
efficiencies (i.e., increased radiation hardness) and decreased cell weight.
Proposed work on silicon cells includes reduction of photon reflection, use of
thin cells and thin radiation covers, and increased open circuit voltage.
Advancements of solar array support structures include improvement of array
fabrication methods, development of light weight, deployable structures, and
improvement of power transfer across rotating joints. Naturally, these improve-
ments in specific mass (mass/power) are also applicable to the Space Satellite
Power Station discussed in the Report of the Outlook for Space Study, July,
1975.

Various Inner Planet missions presently planned (PL 10,11,12,13,14) require
solar c¢21ls canable of operating reliably at elevated temperatures. Therefcre,
III-V Compound Semiconductor cells can be developed to meet this requirement.
These devices will also provide high efficiency cells for lower temperature
operation and for higher temperature .peration in conjunction with soclar con-
centrators. Therefore, these cells will meke prime candidates for use in the

Space Satellite Power Staition.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

(. TECHNOLOGY REQUIREMENT (TITLE): Solar Cell Array PAGE 1 OF ___
for Solar Electric Propulsion
2. TECHNOLOGY CATEGORY: Electric  Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Solar cell array blanket and support
structure of high power / mass ratio and large area.

I. CURRENT STATE OF ART: State of the art arrays are too heavy. Present
arrays are designed for low voltage.

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Deployable (and perhaps retractable) solar cell arrays and supporting structures
must be developed for electric propulsion applications. Required power level is
20 - 50 KW and power mass ratio 200 w/Kg. Array flown has been Ll w/Kg and
another array with a ratio cf 66 w/Kg has been developed. Design studies show
feasibility of llOw/Kg. This advancement requires further improvement in
efficiency of thin cells, reduction of cover thickness, improvement of array
fabrication methods, and development of light weight, deployable structures.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0J A,[@ B, ¢/D

6 RATIONALL AND ANAL YSIS:

a. The design gap of 110 w/Kg was selected as an optimistic upper limit based
on conceptual study of large array systems. The retractable option allow
optimal use of the solar array for primary power in a low Earth orbit to
geosynchronous orbit transportation systems.

b. The very large class of high power geosynchronous satellites, electric pro-
pulsion transportation stages and interplanetary spacecraft would strongly
benefit from this technology.

¢. The decrease in specific mass of solar array system would result in payload
increases in excess of the reduction of solar array mass via the capability
of use of increased specific impulse propulsion systems.

d. This technology should be carried to a space test on the shuttle or an
automated spacecraft.

TO BE CARRIED TO LEVEL 7_

‘
adl g > e

TN



—

DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT(TITLE): Solar Cell Array for PAGE 2 OF __

Solar Electric Propulsion

7. TECHNOLOGY OPTIONS:

The use of unconditioned solar array power for the large source levels would
strongly benefit systems. For solar elsctric propulsion of a significant weight
saving ( 20 percent ) would be achieved for the thrust subsystem.

8. TECHNICAL PROBLEMS:

Getting high efficiency from thin cells
Fabricative handling and assembly of thin cells
Thin cover or encapsulant for solar cells
Light weight structural materials

Rigidity and dynamics of light weight structure

Y. POTENTIAL ALTERNATIVES:

Chemical propulsion with reduced payload for same missions. Some missions re-
quire electric propulsion and would have to await nuclear electric propulsion.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANC. 'NT:

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Guidance, Navigation and Control of large, flexible spacecraft
Structural dynamics of large flexible spacecraft
Advanced power management technology-
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

FE—

Solar Electric Preopulsion

1. TECHNOLOGY REQUIREMENT (TITLE): Solar Cell Array for

PAGE 3 OF

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM THT6]177]78179]80[81]82]83]|84]35]|86]87]|85]89]90]}91

TECHNOLOGY

1.

2,

3.

4.

50
APPLICATION

1. Design (Ph. ()

2, Devl/Fab (Ph. D)

3. Operations

4.

13. USAGE SCHEDULE:

TECHNOLOGY NFED DATL.

T
TOTAL

NUMBER OF LAUNCHES

14,

1.

15.

1.
2.

4.

REFERENCES:

Report on the status and prospects of the NASA Space Power and Propulsion

Research Technology Program.
30 May 1975.

LEVEL OF STATE OF ART

RASIC PHEMOME NA OBSERVED AND RFPORTED.
THEORY FORMULATED 10 DESCRIBE PHENOMENA.
« THFORY TESITD BY PUINSICAL EXPERIMENT

OR MATUHFEMATICAL MODE L,

F.G., MATLRINL, CONMPONMENT, F10,

Volume Two.

PERTINENT FUNCTION OR CHARACTERISTIC DFMONSTRATED,

. LIFETIME EXTENSION OF AN OI'LRATION\1, MOD} L,

Program status and prospects,

COMPONFNT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN Tt LABORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTLD N SPACY ENVIRONMENT,

NEW CAPARILITY DLRIVED FRO\l A MUCH LESSER
OPERATIONAL MODLL.

RELIARILITY UPGRADING OF AN OPERATIUWAL MODLL,

&
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

|. TECHNOLOGY REQUIREMENT (TITLE): _High Efficiency, Low PAGE 10F _
Cost, Radiation Resistant, Light-Weight, Si Solar Cells

2 TECHNOLOGY CATEGORY: Electric Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:__Increase initial and end-of-life

power conversion efficiencies (n 80dn Eors respectively) of solar cells con =

18% andp por= 16%.

| CURRENT STATE OF ART: __n- 9% A¥0 and ppor= 11.5% for present laboratory
silicon cells. 14.7% for GeAs Hetercface cells.

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOILOGY

The required new technology is to increase to 18% AMO and

by one or more of the folluwing approaches:

to 16% AMO

nl nECL

1. Texturized, non-reflective (Black) cell.
2. Solution of open circuit voltage problem.

P/L REQUIREMENTS BASED ON: [J PRE-A,0 A, 8,00 ¢/D

6. RATIONALLE AND ANALYSIS:

a. Improved pnrand ppgr Will significantly decrease the number of cells

needed to achleve specified power requirements, and therefore will increase
power to weight ratios for future solar cell arrays.

b. Missions requiring solar electric power, and particularly missions requiring
solar electric propulsion, e.g. The Comet Encke Rendezvous (PL-24, 1973
Mission Model).

¢. Advancement will decrease weight and maintain power output of future solar
cell arrays. Also, reliability of future arrays will be increased,
particularly in space radiation environments.

d. Simple processes and techniques amendable to high volume production need to
be developed for processing and handling very thin cells. (Level 9-10)

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

_ —

1. TECHNOLOGY REQUIREMENT(TITLE): __PAGE 2 OF _

7. TECHNOLOGY OPTIONS:

Power systems utilizing cells of reduced Ng and N gqop, Will require more cells
co supply required power. Also, reduction of ngop will reduce system
reliability in a space radiation environment.

8. TECHNICAL PROBLEMS:

a. Obtaining uniform processing of cells.
b. Reduction of cell breakage during handling.
¢. Increasing Open Circuit Voltage of cell.

Y. POTENTIAL ALTERNATIVES:

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL §

11. RELATED TECHNOLOGY REQUIREMENTS:

70

.’v



— e

DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): __Power Transfer Across PAGE 1 OF __

Rotating Joints

2. TECHNOLOGY CATEGORY: _Electric ~_ Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:___Improve the technology of trans-
lerring power across solar array to spacecraft rotation joints.

4. CURRENT STATE OFF ART: _S1liding contact, mechanical slip rings are
conventionally used in space.

HAS BEEN CARRIED TO LEVEL __

5. DESCRIVTION OF TiECHNOLOGY
Liquid metal slip rings offer a potential significant advancement in reducing

noise, power loss, friction and in extending life. The technology is in work
and has shown clearly the potentials indicated by theory.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A, B,00 ¢/D

6. RATIONALIT AND ANAL YSIS:

A) Sliding contact, mechanical slip rings have been developed to the point
of extensive use in space. However their weaknesses in noise, power loss,
friction and life warrant efforts to develop alternate approaches.

B) SEPF, high power microwave TWT's and SSPS can potentially benefit.

TO BE CARRIED TO LEVEL __

n
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

et ——

1. TECHNOLOGY REQUIREMENT(TITLE): _Power Transfer Across PAGE 2 OF 3
Rotating Joints

7. TECHNOLOGY OPTIONS:

Various mechanical configurations of slip rings have been proposed.

8. TECHNICAL PROBLEMS:
Contamination due to handling of gallium

Designing for 1 g and launch loads

Y. POTENTIAL ALTERNATIVES:

Continue with mechanical slip ring contacts.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

This effort in work at LeRC. A flight experiment has been proposed for LDEF.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1

==
1. TECHNOLOGY REQUIREMENT (TITLE): __Pover Transfer Across PAGE 3OF _ _

Rotating Joints

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDUL.E ITEM 75176 177]78]79180/81]82|83]84|35[86/87}88]89[90]91

TECHNOLOGY
1 Ground lests &
* Development

2. Flight Exp. Preps

APPLICATION
1. Design (Ph, C)

Devl/Fab (Ph. D)

(]
.

3. Operations

4,
1:3. USAGE SCHEDULE:
L
i < A TOTAL
TECHNOIL.OGY NFED DATI.
NUMBER OF 1LLAUNCHES
14. REFERENCES;
" "
LeRC proposal for LDEF experiment "Liquid Metal Slip Ring Experiment.
15, LEVEL OF STATE OF ART 5. COMPONENT OR RREADBOARD TESTLD IN RELEVANT
ENVIRONMFENT IN Tt LARORATORY,
1. BASIC PHENOMENA ONSERVED AND HFPORTLD, 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
2. THEORY FORMULATED TO DESCRIBE D1 NOMENA, 7. MODEL TESTLD (N SPACE ENVIRONMENT.
3, THFORY TESIED BY PHYSICAL FXPLRIMENT 6. NEW CAPANLITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MO L, OPERATIONAL, MODLL,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIARILITY UPGRADING OF AN OPERATHONAT MODLL,
F.G., MATERIAL, CONPONENT, ETC, 10. LIFETIME EXTENSION OF AN O} RATION \!, MODY L.,
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ADVANCED TECHNOLOGY REQUIREMENT FORM

High Temperature, High Efficiency, Radiation Resistant III-V Compound
Solar Cells.

Electrical Power

Develop High Temperature (300°C)

Solar cell capability to yleld a space efficiency at 300°C (n3g0) of 8%.
The best laboratory AlGeAs-GaAs Heteroface cell efficiency at 250°C is 8%.
Silicon cells have no output at this temperature.

The required new technology is to increase N300 to 8%. by one or.more of
the following efforts persued using AlGeAs-Gads systems:

a. Heteroface cells.
b. Single Graded Band-Gap Cells.

a. The capability of operating solar cells efficiently at 3OOo will
facilitate use of solar cell power systems on near-sun/high radia-
tion mission. High temperature solar cells will reduce or elimi-
nate the need for special constraints (such as satellite orientation
for cooling cells) on the satellite designer.

b. Missions requiring solar electric power, particularly near-sun/
high perticle radiation mission; e.g. Inner Planet missions (PL-10,
11,12,13,14 in 1973 Mission Model).

c. Advancement willi provide a new capability of efficient solar cell
operation up to 300°C. Also, advancement will decrease welght,
increase reliability in space particle radiation environments while
maintaining power output of future solar cell arrays.

d. This technology will be carried through level T.

Reduction of cell efficiency at 300°C may require return to schemes for

pointing satellite solar power systems away from the sun. This will require

additional array area to maintain the required power level.

a. Growing thin layers of III-V material of both uniform and graded
composition material.

b. Passivation of exposed surface

¢. Maintaining simplicity of processing technigues.

REPRODUCIBILITY OF THE
ORIGINAL PAGE I8 POOL
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9.

10.

11.

Radioisotope thermal generator and (possibly) silicon solar cells.

RTOPs 506-18-21
506-16-13

None

"High Efficiency GradeC Band-Gap Al,Ga;_,As-GaAs Solar Cell," by
J. A. Hutchby, Applied Physics Letters, 26, 457 (1975).

"High Efficiency Graded Band-Gap AlxGa, . As-GaAs Solar Cell,” by
J. A. Hutchby, 1lth IEEE Photovoltaic épecialists Conference (1975).

1973 Mission Model

"Ga)_xAlyAs-GaAs P-P-n Heterojunctior Solar Cells,” by H. J. Hovel
and J. M. Woodall, J. Electrochem. Soc. 120, 124G (1973).
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I. Energy Source and Conversion
B. Solar and Nuclear Thermal Electric

No tecnnology areas were identified.
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I. Energy Sources and Conversion
C. Chemical Power Systems

A hydrogen, oxygen fuel cell selected to provide TUG primary electric
power at approximately 10 lb/kw will use propulsion-grade reactants. Because
these propellants should not be fed directly to the alkaline fuel cell,
ancillary processing must be developed, possibly by modifying a Shuttle
scrubber. After effecting design changes indicated by engineering-model
evaluations, powerplants will be fabricated for performance, life-, and con-
fidence-testing.

A second requirement is low-gravity radio-frequency mass gauging of
stratified-supercritical or two-phase cryogens, which are not measurable by
capacitance methods. Thls new technique offers potentials for * 1% accuracies
and significant weight savings on the TUG. Although early engineering models
were tested up to 30 seconds in NASA low-gravity aircraft rlights, orbital

verification is required.
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DEIINITION OF TECHNOLOGY REQUIREMENT NO.
m
| TECHNOLOGY REQUIREMENT (TITLE): _Hydrogen/Oxygen Fuel Ce PAGE 1 OF __
Cell Module rfor TJG

2. TECHNOLOGY CATEGORY: Electric  Power

4. OBJECTIVE/ADVANCEMENT REQUIRED:__Deveiop light weight fuel ceil
module.

. CURRENT STATE OF ART: _latest state-of-the-art is the Shuttle fuel cell
which is approximately 29 pounds per steady state kilowatt.

HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Fuel cells have provided reliable power for the Gemini and Apollo missions,
including Skylab and ASTP. These early concepts were heavy, low power devices
which were short-lived and cumbersome. An asbestcs matrix alkaline cell is
bteing developed for the Shuttle with a power rating of 2 to 12 kw. The
reactants must be h.gh purity Hpo&Op and have an extremely low content of carbon
hearing compounds. A fuel-.c:ll with a lower power rating and a lighter specific
weight is required for TUG. The advenced electrode technology has been
developed to a point where a module should be fabricated and tested.

P/L EQUIREMENTS BASED ON: [J PRE-A,[X A,0 B,00 C¢/D

6. RATIONALE AND ANAL, SIS:

1. Use of propu.sion grade reactants in the TUG fuel ecell will eliminate the
need for separate, .edicated fuel cell tankage, resulting in lower system
weights. Technology in this area should be directed toward devices which
4ill provide an uninterrupted flow of reaclants in a "0" gravity environ-
ment.

2. Further weight reductions are required in ancillary component such as

regulators, pumps and valves to be compatible with an advanced electrode
fuel cell.

RBPRODUCIBLLLTY OF THE
ORIGINAL PAGE B

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): Hydrogen/Oxygen Fuel PAGE 2 OF __
Cell for TUG

7. TECHNOLOGY OPTIONS:

The technoleogy options available are:

Advanced electrode from NAS3-15339
Modified Shuttle fuel cell module
Ion exchange membrane concept.

w M+

¢ TECHNICAL PROBLEMS:

1. To date only single cells and small stacks have been tested. Stacking
and performance problems must be defined in an engineering model test.

Y. POTENTIAL ALTERNATIVES:

1. Use an unmodified shuttle fuel cell.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

1. NAS3-15329 is a technology effort with Power System Div. of UTC to develop
the advanced electrode (strip cell).

2. A related development program underwzy is the Shuttle Mainstream fuel c~ll
managed by Rockwell Int.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY KEQUIREMLNTS:

1. A related technology effort is in the area of catalysts development.
A more stable long life catalyst will compliment the TUG fuel cell
technology.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,
1. TECHNOLOGY REQUIREMENT (TITLE): Hydrogen/Qxygen Fyel PAGE 3 OF

Cell Module for TUG

12, TECHNOLOGY REQUIREMENTS SCHEDUL
CALENDAR YEAR

E:

SCHEDULE ITEM 767

-3

78179180

-1
o1}

81}82]83}84]35]|86{87]88]89}90]91

TECHNOLOGY

1. Dev. Program T5¢k

5 Life Confidence
Testing & Design 1.

3. Flight Qual.

Y
=]

APPLICATION
1. Design (Ph, ()

2. Devl/Fab (Ph. D)
3. Operations

1.

13, USAGE SCHEDULE:

TECHNOLOGY NIYED DATE.

1
TOTAL

NUMBER OF LLAUNCHES

14 REFERENCES:

FUNDING

FY 76 $550K

FY 77 TOOK Dev. Prog.

FY 78 750K )

FY 79 l.2M} Life Test

FY 80 1.5M

FY 81 2.5M7  F1t. Qual.

FY 82 l.OMJ

" THE
" UCIBILITY OF
REPRODL-. | GE 18

15. LEVEL OF STATE OF ART

1. BASIC PHELOAENA OBSFRVE D AND RF PORTED,
2. THEORY FORMULATED 10 DESCHIBE DI NOMENA,
3. THEOIY TESIED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODV 1,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

E.G., MATERIAL, CONPONENT, B¢,

COMPONFNT OR RREADBOARD TESTED IN RELEVANT
ENVIRONMENT N Tt LARORATORY,

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTLID N SPACE ENVIRONMENT.

NEW CAPANILITY DLRIVED FRUM A M'CH LESSER
OPERATIONAL. MODLL.

RELIARILITY UPGRADING OF AN OPERA I'TONAL MODEL,

LIFETIME EXTENSION OF AN OI'LRATION \T, MO} L.,

s



DEFINITION OF TECENOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): Radio Frequency Mass PAGE 1 OF _3
Quantity Gauging

2. TECHNOLOGY CATEGORY: Electric Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:__Achieve better than + 1% accuracy
with RF resonants cavity mode analysis technique of gauging 2¢ cryogens in low

gravity fields.

. CURRENT STATE OF ART: _No technigue exists which can gauge 2 phase
cryogens in a low gravity field.

HAS BEEN CARRIED TO LEVEL __

2. DESCRIPTION O TECHNOLOGY

A fluid container is,regardless of its shape, resonant at a number of different
frequencies of electromagnetic energy. The freq. for a given resonant mode is
a function of the size and shape of the cavity, the antenna shape, and the
density and geometry of the fluid mass. For a given tank configuration, the
dependent variables become density and geometry of the fluid. By tracking the
freq. of one resonance in one "g", the density is easily determined. The
resonant freq. from more than one resonant mode is usedivia various averaging
techniques to reduce the dependency of the mass geometry variable for 2 phase
or stratified supercriticel fluids, thus improving accuracy.

P/L REQUIREMENTS BASED ON: [J PRE-A,(@ A,(J B,J ¢/D

6. RATIONALLE AND ANAL YSIS:

Highly accurate and simple quantity gauging in low gravity environments has not
yet been successfully demonstrated. The obvious ad-antage of such a system
would be a reduction in tanking residuals causec¢ by gauging inaccuracies. A
1% increase in accuracy on the shuttle power reactant storage assembly (fuel
cell tanks) results in a 17.5 lb wt. saving. Improved accuracy would also
simplify ground servicing equipment.

This technology can be used on the TUG.

TO BE CARRIED TO LEVEL

P

—_—
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO,
1. TECHNOLOGY REQUIREMENT(TITLE): _Radio Frequency Mass PAGE 2 OF 3
Quantity Gauging
7. TECHNOLOGY OPTIONS:
Nuclear gauging systems are heavy and have safety disadvantages. Capacitance
systems are limited to single phase fluids.

8.

TECHNICAL PROBLEMS:

Optiwn .ation of . e best averaging technique for more than one resonant mode.

Development of a signal conditioner and electronics to detect, track and process
the frequency info into analog/digital output.

Y. POTENTIAL ALTERNATIVES;

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL
1.

RELATED TECHNOLOGY REQUIREMENTS:

82



— =

t
DEFINITION OF TECHNOLOGY REQUIREMENT NO,

== T

|. TECHNOLOGY REQUIREMENT (TITLE): Radio Frequency Mass ~ PAGE 30F 3

Quantity Gauging
12, TECIHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDULE ITEM 75176 (77]178(79]180(81182]|83|84{385|86]|87|88|89}90]91

TECHNOLOGY

1. Analysis j

2, Design & FAB

3. Cround Test

4, Flight Test e

5.

APPLICATION

1, Design (Ph. C)

2, Devl/Fab (Ph., D)

3. Operations

4.

1. USAGE SCHEDULE:

1

TECHNOILOC ” NIED DATI. TOTAL

NUMBER OF LAUNCHES N

14. REFERENCES:

15. LEVEL OF STATE OF ART 5. COMVONFNT OR RREADBOARD TESTED IN RELEVANT
ENVIRONMFNT IN THE LARORATORY,

1. BASIC PHENOMENA ORSERVED AND RFPORTED. 8. MODEL TESTED IN AIRCRAFT EAVIRONM MT.

2. THEORY FORMULATED TO DESCRIBE PIINOMENA, 7. MODEL TESTLD iX SPACF ENVIRONMFNT,

3, THFORY TESIED BY PHYSICAL EXPERIMENT 8. NEW CAPAMLITY DLRIVED FROM A MUCH LESSER
OK MATHEMATICAL MODEL, OPERATIONAL MODEL.,

4. PERTINLNT 4 UNCTION OR CHARACTERISTIC DEMONSTRATED, 8, RELIABILITY UPGRADING OF AN OPERA TTONAL MODEL,
£.G., MATERLAL, CONPOMENT, E1¢, 10, LIFETIME LXTENSION OF AN O1 1 RATION.AT, MODE L.,

83




I. Energy Source and Conversion
D. Ambient Field Trapping

No experiments were identified.
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II. Power Processing, Distribution, Conversion and Transmission

The present NASA mission payload model refects a series of missions which
would benefit from significant increases in the present state-of-the-art in
power processing, distribution, conversion and transmission. While it is possible
to perform these missions with present technology, severe weight, cost and
reliability would result. The suggested technology improvements outlined herein
will result in the needed advancements to make these missions more economically/
technically feasible.

A self-aligning multipin electrical connector assembly developwm:nt is
outlined which will permit reliable spacecraft interfacing Jduring shuttle ser-
vicing of orbital spacecraft. Both high and low voltage applications of these
connector assemblies must be developed to support the jsrojected missions.

Multi-kilowatt load d+stribution systems, with highly efficient power
processing conversion devices, are required for a large series of missions
including ion propulsion powered planecary missions. Likewise improvements by
a factor of two or more in power system lifetime performance, reliability and
weight reduction are necessary to economically support vhese projected missions.
Three programs are outlined which will generate the necessary technological
advancements.

Mariner class spacecraft, atmospheric probes, planetary landers and
astericd cometary rendezvous spacecraft, will require increased power system
operational rellability for extended mission lifetimes. An automated pover
system management system is suggested employlng existing microprocessors and
methodolo:ry of autonomou. ~peration now under development; lifetimes in excess
of 10 years are required.

Development of a long life 10-20KWe unattended power station is required
for increased shuctle sortie mission time and payload capability. The tech-

nologies required for this development are now in existance (solar array) or

development (shuttle fuel cell). s



DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): _Spacecraft Charzing PAGE 1 OF _3_
and High Voltage Interactions With Plasma

2. TECHNOLOGY CATEGORY: Electric Power

2. OBJECTIVE/ADVANCEMENT REQUIRED:_Determine theory and verify by

— —engineering data to ar f charged surfaces with
plasmas.

1. CURRENT STATE OF ART: Discharges of flight spacecraft due to plasmas have

Reen den ed Wl A _0avVe /ng

being determined expverimentally. HAS BEEN CARRIED TO LEVEL —

5. DESCRIPTION OF TECHNOLOGY

A number of spacecraft have experienced arcs and discharges in flighv, some of
them endangering the spacecraft. An active program in conjunction with the
USAF is underway to obtain engineering data and correlate these data with theory
to understand the phenomena. The result will be design criteria to prevent such
discharges on future SC. Further, for advanced power concepts such as the High
Voltage Solar Array, an understanding must be obtained of the interactions of
high voltage (hundreds to thousands of volts) with plasmas.

P/L REQUIREMENTS BASED ON: [J PRE-A,[{] A,0 B,0J ¢/D

6. RATIONALLF AND ANAL.,YSIS:
a. SEPS (PL-23 thru 26) missions currently plan on a 200-400 volt solar array

bus; advanced concepts using on-array regulation would use 1100V; CTS and
other advanced communications payloads (CN-1,2,4) will deal up to 45KV,
SSPS is an ultimate potential user.

TO BE CARRIED TO LEVEL __




DEFINITION OF TECHNOLOGY REQUIREMENT NO,

————et ~em—
—— —————— ——

1. TECHNOLOGY REQUIREMENT(TITLE): _Spacecraft Charging PAGE 2 OF 3
and High Voltage Interactions With Plasma

7. TECHNOLOGY OPTIONS:

Continue ground based tests and attempts to correlate with theory/observed
flight data; or obtain flight data specifically for the intended purpose and

verify theory/observations.

8. TECHNICAL PROBLEMS:

Ground tests, because of the nature of facilities, provide data which differ by
orders of magnitudes.

-

Y. POTENTIAL ALTERNATIVES:

Abandon investigations into charging phenomenon and hope thet failures are
acceptably few.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVAlICEMENT:

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

87
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 4

| TECHNOLOGY REQUIREMENT (TITLE): _ Spececraft Charging = PAGE 3 OF 3
and High Voltage Interactions With Plasma

12, TECHNOLOGY REQUIREMENTS SCHEDULE;
CALENDAR YEAR

SCHEDULE ITEM 75176177} 78]79|80|81]82|83]84]35[86]87]88]89]90}91

TECHNOLOGY
1 .

2

-y

30
1.
5.

APPLICATION
1. Design (Ph, ()

Devl/Fab (Ph. D)

o

3. Operations -

13. USAGE SCHEDULE:

1
TECHNOILOGY NFED DATL. TOTAL

NUMBER OF I AUNCHES

141 REFERENCES:

LeRC Preliminary Plan for Space Plasma High Voltage Interaction Experiment
Satellites (SPHINX B/C).
February 28, 1975.

REPRODUCIBILITY OF THE
ORIGMINAL PAGE IS POOR

15. LEVEL OF STATE OF ART 5. COMPONFNT OR RREADBOARD TLSTED IN RELEVANT
ENVIHONMENT IN THE LARBORATORY,

1. PASIC PHFNOMENA ORSEFRVED AND RFPORTED. 6. MODFL TESTED IN AIRCRAFT ENVIRONME NT,

2. THEOR: FORMULATED 10 DESCRIBF 1ik NOMENA. 7. MODEL TESTLD IN SPACE ENVIRONMENT.

3. THEOIL THSTED BY PHYSICAL FXPERIMENT 8. NEW CAPARILITY DLRIVED FROM A MUCH LESSER
OR MATNEMATICAL MODELL, OPERATIONAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 8. RELIASILITY UPGRADING OF AK OPERA [T WAL MODLL,
F.G., MATLRIAL, CONPOMENT, B0, 15, LIFETIMF EXTENSION OF AN OF'1 RATION AL MODY L,

88
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DEFINITION OF TECHNOLUGY REQUIREMENT NO. C

I. TECHNOLOGY REQUIREMENT (TITLE): _Unattended Utility PAGE 1 OF ____
Power Station

2, TECIHNOILOCY CATEGORY: Electric Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Developmeni of long life 10-20 KWe,
low voltage, unatve.ded power stations for use during extended shuttle sortie

missions.

i, CURRENT STATE OF ART: _Solar arrays in 10-20 KWe power range are preseptly
available. Shuttle fuel cells in power range are currently under development.
HAS BEEN CARRIED TO LEVEL 4

5. DESCRIPTION OF TECHNOLOGY

A 10-20 KWe, shuttle voltage compatible, solar array- regenerative fuel cell.
power system is required to support extended shuttle sortie flights without
requiring extensive shuttle power capability recuirements. The power station
should be capable of unattended operation for periods up to 1 year, and periodic
shuttle visits for a minimum of 10 years.

P/1 REQUIREMENTS BASED ON: [ PRE-A,[J A,[0 B.® ¢/D

6. RATIONALLE AND ANAL. YSIS:

(a) Technology now in existance, or in development, will permit extended shuttle
sortie flights without unduly restricting the length of each flight by r~-
quiring the shuttle to carry sufficient power capability on each flight.
Excess Hp & 0o produced on the power station in regenerative fuel cell
system could be removed from the power station for use on the .aui Lle.

(b) Shuttle

(¢) Greater shuttle sortle capability since pc2r capability for entive mis:i a
is not required to be carried on each fligh' by shuttle.

(d) Flight test or extensive ground testing of entire of power statinn wou.d
be required to provide qualification of design.

TO BE CARRIED TO LEVEL _T
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. ¢

—_—————— |

1. TECHNOLOGY REQUIREMENT(TITLE): _ Unattended Utility PAGE 2 OF 2
Power Station

7. TECHNOLOGY OPTIONS:

(a) Decreased shuttle sortie mission duration.

(b) Increased load capability of shuttle to permit extended power capability
generation.

(c) Use of conventional stcrage system (e.g. batteries) instead of regenerative
fuel cells.

8. TECHNICAL PROBLEMS:

(s) Development of self aligning multipin Electrical Connector Assembly
(see DIR # A)
(b) Development of long-life, reliable fuel cell system.

Y. POTENTIAL ALTERNATIVES:

See T above.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOCY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL 5

11. RELATED TECHNOLOGY REQUIREMENTS:
NONE

* tyE



DEFINITION OF TECHNOLOGY REQUIREMENT NO, €

ﬁ

s spvasm—

i

| TECTHNOLOGY REQUIREMENT (TITLE): __Unattended Utility PAGE 3 OF 2

Power Station

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM

-~

[}

76 177]78|79]80|81]82]83}8-1]35|86]87]88]89]90191

TECHNOLOGY
1 Develop regenerative
* fuel cell-electrol.
technology

o
.

Ground qual of design
3, of gower station
cep
4

5.

APPLICATION
1. Design (Ph. C)

™w

Dev1/Fab (Ph. D)

3. Operations

1.

13, USAGE SCHEDULE:

TECHNOILOGY NEED DATI. A

T
TOTAL

NUMBER OF LAUNCHES

11. REFERENCES:

. MODEL TLSTED IN AIRCRAFT ENVIRONMENT,
. MODEL TESTLD iN SPACF ENVIRONMENT,
. NEW CAPAMILTY DLRIVED FROM A MP'CH LESSER

15, LEVEL OF STATE OF ART s.
1. BAYIC PHENOMENA OISERVED AND RFPORTED, ¢
2. THEORY FORMULATED TO DESCRIBE PHUENOMENA, ?
3. TAFOIOY TESTED BY PHYSICAL § XPLRIMENT .

OR MATHEMATICAL 0ODEL,
4. PLRTINENT FUNCTION OR CHARAC TERISTIC DF MONSTRATED, 0.
E.G.. MATERIAL, COVPONEST, 10, 10

. LIFETIME LXTENSION OF AN 041 HATION 1 MO i,

COMPONFNT Ot ARLADBOARD TESTED IN RELEVALT
ENVIRONMFNT IN Tt LARORATURY.

OPERATIONAL MODLL.
RELIARILITY UPGRADING UF AN OPERATHONAL MODEL.

9N
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, _D
1. TECHNOLOGY REQUIREMFENT (TITLE): Automated Power Systems PAGE 1 OF _3_

Management (APSM)

2. TECHNOLOGY CATEGORY: _ Elect..c  FPower

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Increased operational reliability
for extended missions through automated monitoring, computation, command, and
control of power system functions.

1. CURRENT STATE OF ART: _Methodology of autonomous operation now under
development; mj-roprocess*rg sensors within present state of the art; light-

weight sensors nced furties development. HAS BEEN CARRIED TO LEVEL 3 _

5. DESCRIVTIG.. OF TECHNOLOGY

Future planetary spacecraft will have to perform long duration, complex missions
with significantly less ground control than their predecessors. System
capability will be pressed by the wide variations in power system parameters:
long ( >i0 years lifetimes) duration; increased action/reaction cycle time (up
to 8 hours); ability to provide fault correction capability autonomously as real
time ground station intervention cannot occur in real time. The proposed APSM
system will automatically perform the required monitoring, computational, com-
mand and control functions without the need for ground intervention. The APSM
technology whould be developed for both solar array/battery and RTG powered
spacecraft missions.

P/L REQUIREMENTS BASED ON: [J PRE-A,OJ A,0 8,00 ¢/D

6. RATIONALF AND ANALYSIS:

(a) Large earth-spacecraft distances (up to 30 Au at Neptune); lengthening
action/reaction time; long duration (up to 10 years); extended communica-
-ive black-out periods; unique maneuvering and adaptive mission planning
requirement.

(b) Mariner Class Spacecraft, atmosphere probes, planetary landers, asteriod/
cometary rendezvous. (e.g. PL-21in 1973 Mission Model)

(¢) Ability to quickly respond to changing mission conditions; reduction in
time/personnel needed for predicted power system response to mission
sequences; increased science data return due to fewer required power system
telemetry channels; continvous power sysiem operation with equipment
degradation/failure.

(d) Lightweight current/voltage/temperature sensor development required.

TO BE CARRIED TO LEVEL 5

N
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. D
1. TECHNOLOGY REQUIREMENT(TITLE): _Automated Power Systems PAGE 2 OF _3

Management (APSM)

7. TECHNOLOGY OPTIONS:

Only alternative to APSM is ground-controlled monitoring and operation of the
power system with the attendant penalties outlined in Sections 5 & 6.

8. TECHNICAL PROBLEMS:

Development of lightweight, low-loss sensors for monitoring the operation of
the power system.

Y. POTENTIAL ALTERNATIVES:

See T above.

10. PLANNED PROGRAVS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

No planned programs

EXPECTED UNPERTURBED LEVEL >_

11. RELATED TECHNOLOGY REQUIREMENTS:

Future developments in reducing the weight, cost and power loss of spacecraft
computers would enhance the application of APSM to Planetary exploration mission.
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO,

—= |

—

1. TECHNOLOGY REQUIREMENT (TITLE):

Systems Management (APSM)

Automated Power

PAGE 3 OF _3

12,

TECHNOLOGY REQUIREMENTS SCHEDULE;

CALENDAR YEAR

SCHEDULE ITEM

75

76

7

78

79

80

81

82

83184185]86]87]88189]90

91

TECHNOLOGY
1.Functional Requirement#

2,Prel. Design
3.Detailed Design
4.Fabrication
5.Test/Eval.

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4.

15. USAGE SCHEDULE:

TECHNOLOGY NEED DATF,

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

"Plan for the Development of Automated Power Systems Management," Jet
Propulsion Laboratory, EM-342-254, 19 June 19Tk.

5'

1

LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REPORTED.

2. THEORY FORMULATED TO DESCK!BE PHENOMENA,

3. THFOIY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL.

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERILAL, CONPONENT, ETC,

COMPONENT OR BREADBOARD THSTED IN RELEVANT

ENVIRONMENT IN THE LARORATORY,

MODF.L TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT,

NEW CAPABILITY DLRIVED FROM A MUCH LESSER

OPERATIONAL MODEL.

RELIARILITY UPGRALING OF AN OPERATIONAL MODEL,
LIFETIME EXTENSION OF AN OI'LRATIONAYL MODEL,

94
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): _Solar Array Power ~~ PAGE 1 OF _4

Generation and Management, HVSA

2, TECHNOLOGY CATEGORY: Electric Power

.

3. OBJECTIVE/ADVANCEMENT REQUIRED:__Increase reliability and performance
and decrease electrical subsystem weight through multi-kilovolt signal condi-
tioning with circuits that are integral to the solar array.

. CURRENT STATE OF ART: High voltage array system at voltage 100 V dc levels

are well within the state-of-the-art, as typified by the Communications Tech-
Eg%ggy Satellite (Canadian) to be launched in HAS BEEN CARRIED TO LEVEL _

” 0 S0

5. DESCRIPTION OF TECHNOLOGY 400 Vde 1s considered an upper IImit

The electronic components (e.g. SCRs) required to perform the necessary switch-
ing function between solar cell blocks must be capable of blocking 15 kilovolts
in the forward direction. Tne reliability associated with these devices must be
sufficiently high to support missions of 5 to 10 years duration. With the ex-
ceptions of the high reliability high-voltage switching devices and compatibil-
ity of high voltage surfaces with plasmas, the technology for high voltage solar
arrays is available and will iwmprove with the development of high efficiency
solar cells. The design of the solar array and its individual components must
be able to withstand the high voltage levels (e.g., up to 15 kV) without voltage
breakdown. The state-of-the-art is 76V dc on the Canadian Communications
Satellite. A laboratory solar array at the Lewis Research Center has been
operated at 1500 volts without problems (Reference #3).

- P/L REQUIREMENTS BASED ON: [J PRE-A,[0J A,[0J B,[0J ¢/D
3. RATIONALFK AND ANALYSIS:

(a) The 15 kilovolt level for the switching devices is based on the require-
ments of advanced communication traveling wave tubes as required for the
communications R & D prototype satellite (CN-OlA).

(b) in addition to payload CN-OlA, advanced geosynchronous satellites utilizing
ion propulsion will benefit from this technology. The majority of these
applications fall in the disciplines of Earth Observation and Communica-
tion/Navigation. Further, it is a necessary technology upon which to base
major SSPS decisions.

(c) Heavy, complex power conditioning equipment used in low voltage solar
array systems significantly reduces the reliability of the system.

(d) This technology advancement should be carried to an experimental demon-
stration in an automated spacecraft or an early shuttle flight.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

e r— ——

——

1. TECHNOLOGY REQUIREMENT(TITLE): __Solar Array Power PAGE 2 OF __‘4_
Generation and Management, HVSA

7. TECHNOLOGY OPTIONS:

An alternative to the high voltage SCR may be a .igh voltage electromagnetic
vacuum relay of sufficiently small dimensions to permit integral accommodation
with the solar array. Solid state control circuits are technology limited.
Transistors & SCRs with capabilities beyond a faw “undred volts are beyond the
state- of-the-art.

8. TECHNICAL PROBLEMS:

1. Interaction of array with charged particle environment (Reference #4)

2. High voltage SCRs with high reliability may not be feasible. SCR thermal
dissipation on the solar array substrate has presented serious design
limiitations.

3. The design of the array to prevent voltage breakdown will be difficult in
view of the light weight quality of the arrays and the possibility of sharp

protrusions and discontinuities producing arcing. Shielding presents signi-
Lic penslties,

Y. POTENTIAL ALTERNATIVES:
Design using a larger number of lower voltage SCRs is possible.

Design with a higher bus voltage, up to the limit where voltage breakdown may
present & hazard with conventional design practic..

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 502-2k-17 "Solar Array Technology for Solar Electric Propulsion State"
could be expanded in scope to also investigate high voltage designs.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Electrical power control component technology, high voltage level distribution
systems.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

e

1. TECHNOLOGY REQUIREMENT (TITLE): Solar Array Power PAGE 3
Generation and Management, HVSA

—
OF &4

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75]176]77]78]79|80]81]82|83|84|35]|86]87]88]89]|90

91

TECHNOLOGY
1.

[SV]

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

Compeny .
2. "High Voltage Solar Array Experiments ," Final Report, Contract NAS

The Boing Company.
3. "High Voltage Solar Cell Power Generator System," by E. Levy, Jr.,

L. "he Interaction of Spacecraft High Voltage Power Systems with the
Plasma Environment," by S. Domitz and N. T. Grier, Proceedings of
Power Electronics Specialists Conference, June, 197k,

15. LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN

1. BASIC PHENOMENA ORSERVED AND REDPORTED, e R i N

1. "Study High Voltage Solar Array Configurations with Integrated Power
Control Electronics," Final Report, Contract NAS 3-8997, General Electric

Opjorden, A. C. Hoffman, 10th IEEE Pnotovoltaic Specialists Conference.

. DA 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
:- :ﬂ?ﬁﬁ: P(?L(‘!\‘l}'u‘r‘EI) TO DESCRIBE PUFENOMENA, 7. MODEL TESTED IN SPACE EN\']R().\'MENT.NT
- TRE m;:i}f\ :-‘T’TlﬂgAle\‘;gl[;f\lL EXPERIMENT 8. NEW CAPAINLITY DLRIVED FROM A MUCH LESSER
. P ERA TIEAL MODEL. OPERATIONAL MODEL.
PRI JUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELIARILITY UPGRADING OF AN OPERATI'NAL MODEL.
. - COMPONENT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATION.AL MODEL,

3-1436L,
R.

Space
the

RELEVANT
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

e —— -~ |
1. TECHNOLOGY REQUIREMENT (TITLE): Solar Array Power PAGE 4 OF _4_

Geperation and Management, HVSA

EPRODUCIBILITY OF THE
» RIGINAL PAGE 18 POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, __E

—————e——————————— ey
1. TECHNOLOGY REQUIREMENT (TITLE): _Advanced Power PAGE 1 OF _3_

Processing/Monitoring System

2. TECHNOLOGY CATEGORY: _ Electric Power
3. OBJECTIVE/ADVANCEMENT REQUIRED:_Improvements in life, performance,
reliability and weight by approximate factors of two; improvements in opera-
tional status and reduction in post flight maintenance time and costs.

4. CURRENT STATE OF ART: _Preliminary designs of regulation, conversion
and monitory techniques involved using advanced analytic methods.
HAS BEEN CARRIED TO LEVEL i

5. DESCRIPTION OF TECHNOLOGY

Power processing and monitoring components that can operate from widely variable
sources for extended lifetime with high reliability are required for both deep
space and shuttle missions. Two-fold improvements in current technology are
needed to maximize scientific return and enhance cost effectiveness. Improved
technology will also permit real time assessment of safety in the event of
system degradation/failure. Trend analysis of system performance will decrease
the time/cost of on-ground shuttle maintenance. Manual override capabilities
will be incorporated in the selected design for shuttle operation.

P/L REQUIREMENTS BASED ON: [J PRE-A,[(0 A,[0 B,00 ¢/D

6. RATIONALLE AND ANALYSIS:

(a) Shuttle power system maintenance and analysis effort reduced through use
of improved monitoring system; increased shuttle and planetary performance/
reliability through two-fold increase in component lifetime, performance
and weight reduction.

(b) Shuttle, planetary mission (See 1973 Mission Model "PL")

(c) Greater science return at less cost; better performance reliability, life-
time and lower weight; reduced shuttle .power system maintenance effort.

(d) This technology should be advanced to the point of flight qualifications.
Ground environment of tests are sufficient to do this.

TO BE CARRIED TO LEVEL T
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. T

— — —————————— |
1. TECHNOLOGY REQUIREMENT(TITLE): _ Advanced Power PAGE 2 OF _3
Processing/Monitoring System

7. TECHNOLOGY OPTION::

Two types of high performance switching regulators are required: one for low
voltage ( <50 volts) inputs, and one for high voltage (200-400 volts). Each
unit features active redundant modules and a high resolution, high speed feed-
back controller. Time shared on-board computers could be used tc evaluate
system performance/safety assessment.

8. TECHNICAL PROBLEMS:

1. High voltage switching transistors and storage capacitors.

2. Automatic load sharing between active redundant modules.

3. Automatic fault detection/trend/safety analysis and module disconnection
without system interruption.

Y. POTENTIAL ALTERNATIVES:

1. Iow voltage power distribution techniques would simplify design, at
increased power dissipation/weight penalty.
2. Time shared on-board computer for performance analysis.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP #506-23-33 '"Long-life, high performance power.
Processing for planetary applications.

Effort would need to be expanded to consider trend/safety analysis consideration.

EXPECTED UNPERTURBED LEVEL J_

11. RELATED TECHNOLOGY REQUIREMENTS:

1. Improved high voltage semiconductor components and capacitors

2. Microprocessor cost/weight reductors and reliability improvements
3. Energy ctorage device (e.g. battery) characterizations improvements

100
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DEFINITION OF TECHNOLOGY REQUIRIMENT No, E
= —— — =__———___——ﬁ‘
1. TECHNOLOGY REQUIREMENT (TITLE): Advanced FPower PAGE 30F _3__

Processing/Monitoring System

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDULE ITEM 75176 ]77178]79]80]81§82]83]84|35]86]87]88]|89}90]91

TECHNOLOGY
1. Analysis/Design

2. Fabrication
3, Test

4'
5.

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D) +

3. Operations

4.

13, USAGE SCHEDULE:

1
'TECHNOLOGY NEED DATE TOTAL
NUMBER OF LAUNCHES

14. REFERENCES:

1973 NASA Mission Models

15. LEVEL OF STATE OF ART 8. COMPONFNT OR BREADBOARD TESTLD IN RELEVANT

ENVIRONMENT IN TiHE LARORATORY,
1. BASIC PHENOMENA OPSERVLD AND REPORYED,

1

{ 8. MODE. TESTED IN AIRCRAFT ENVIRONMENT.

! 2. THEORY FORMULATED TO DESCR!BF. PIENOMENA. 7. MODEL TESTED iN ““%CE ENVIRONMENT.

g 3. THEORY TESTED BY PHYSICAL EXPERIMLNT 8. NEW CAPANLITY 1N.RIVED FROM A MUCH LESSER

| OR MATHEMATICAL MODEL., OPERATIONAL MUDEL,

% 4. PERTIMENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9, RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
| E.G., MATERIAL, COMPOMENT, ETC, 10. LIFETIME EXTENSION OF AN OI'LRATIONAL MOULEIL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): _Multd KW, High PAGE 1 OF _3_
Voltage Processor and Distribution System for Special Applications

2, TECHNO1L.OGY CATEGORY: _Electric . Power
3. OBJECTIVE/ADVANCEMENT REQUIRED:___Provide and demonstrate the tech-
nolgoy to make possible lightweight, high efficiency, low cost power processing

and distribution systems of multi KW, multi KV levels for special anplications.
4. CURRENT STATE OF ART: Power processing and distribution systems are in

various levels of denonstration with output voltages up to 11 KV, outrut power
up to 3KW/un1t and efficiencies near 90% HAS BEEN CARRIED TO LEVELL&

5. DESCRIPTION OF TECHNOLOGY

Advences must be made in all areas (systems, concepts, circuits, components,
materials, thermal control) to properly match the increasing demands of various
loads with the variety of avalilable power sources. Loads now in planning have
been identified as requiring voltages up to 45KV and powers up to IOKW/unit with
5-10 year lifetiwes. Advanced loads need 500 KW at 5KV for 15 years. Input
voltages may go up or down while efficiencies must approach the mid to upper
nineties range, and the weight per KW reduced by a factor éf 5 “o 10.

*
P/L REQUIREMENTS BASED ON: & PRE-A,[0 A,[0J B, ¢/D

6. RATIONALE AND ANALYSIS:

(a) Advanced travelling wave tubes (CN-1,2,4) will require up to 45 KV and
certain solar electric propulsion concepts (PL-23 thru 26) may need near
10KW of power per thruster. Outer planet investigations (PL-15 thru 22
of the 1973 Payload Model) are being considered using Nuclear Electric
Propulsion which would demand 500KW and SKV levels. These are plateaus
which must be reached before SSPS, space station and colonization attemps
can be feasible.

(b) Payloads using advanced TWTs, such as direct broadcast and disaster
varning satellites, and solar and nuclear electric propulsion will benefit
from this technology as will other payloads requiring high voltage and/or
povwer.

(c) Presently the technology does not exist to produce lightweight, reliable,
efficient, low cost power processing systems for the high power /voltage
ranges required.

(d) This technology advancement can be achieved primarily through ground
tests. Dcaonstration/confidence tests may be required at the systems
level for user considerations.

TO BE CARRIED TO LEVEL 5
4—
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% DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT(TITLE): Multi KW, High Voltage PAGE 2 OF 3,

Power Processor and Distribution System for Special Applications

7. TECHNOLOGY OPTIONS:

The spectrum of technology encompassed is broad, ranging from improved
materials for high voltage/power use, improved electronic components, newv
design and analytical tools for cost reduction, to improved circuits and new
systems concepts.

8. TECHNICAL PROBLEMS:

Too numerous to list.

Y. POTENTIAL ALTERNATIVES:

None.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMERNT:
RTOPs 506-23-3

EXPECTED UNPERTURBED LEVEL

11. RELATED TECHNOLOGY REQUIRFMENTS:

Thermal control technology, solar and nuclear power zources TWT and electric
thruster technologies.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

. TECHNOLOGY REQUIREMENT (TITLE): Multi W, High Voltage PAGE 30F 3 _

Power Processor and Distribution System for Special Applications

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

76

77

78

79

80

81

82

83]84]35|86{67188]89190]91

TECHNOLOGY
1. SEP Development

“+« NEP Development
3. TWT Development

5.

=y

4==d

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph. D)
3. Operations
4,

13, USAGE SCHE)OULE:

TECHNOLOGY NFED DATL.

T
TOTAL

~wUMBER OF LAUNCHES

14. REFERENCES:

OF MATHEMATICAL MODEL,

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND RETORTLED.
THEORY FORMULATED TO DESCHIBE PLFNOMENA.
3. THEORY TESTED BY PUYSICAL EXPERIMENT

4 PERIIMENT FUNCTION OR CHARAC TERISTIC DEMONSTRATED,
E.G.. MATERLAL, COMPONENT, ETC.

COMPORFNT OR AREADAO: & Ll IN RELEVANT
ENVIRONMENT IN TUY LAt A 0Ly,

MODEL TESTED IN AIRCRA -7 { nV.RONMENT,

MODEL TESTLD IN SPA £ 8 VTHONMENT,

NEW CAPARLITY DLRIVED FaAulM A MUCH LESSER
OPERATIONAL MODEL.

RELIARLITY UPGRADING OF AN OPERATIONAL MODEL.

LIFET!ME EXTENSION OF AN OI'LRATION !, MO} L,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, A

. TECHNOLOGY REQUIREMENT (TITLE): Self-Aligning Multipin PAGE 1 OF _3_

1

Low/High Voltage Electrical Connector Assembly

2. TECHNOLOGY CATEGORY: Electrjc__ Power - Special Devices
3. OBJECTIVE/ADVANCEMENT REQUIRED:_Electrical interface for resupply
and refurbishment of orbiting spacecraft employing low/high voltage distri-

bution systems.

4. CURRENT STATE OF ART: _Low voltage development herdware has beep

fabricated; feasibility of low voltage application has been demonstrated.
HAS BEEN CARRIED TO LEVEL %

3. DESCRIPTION OF TECHNOLOGY

Multipin electrical connectors are required to transverse the spacecraft/module
interface of an in orbit serviceable spacecraft. Connector design will permit
reliable engagement or interruption of power, data and communication lines -hen
malfunctioning and/or depleted systems are replaced remotely on an orbiting
spacecraft. Assemblies capable of being used in both the low ( <75 volt) and
high ( >75 volt) voltage distribution systems are required.

P/L REQUIREMENTS BASED ON: [] PRE-A,(J A, B,(0J C/D

6. RATIONALE AND ANALYSIS:

(a) The present method for orbiting a spacecraft precludes its reccvery for
repair and/or refurbishment. The cost effective solution is to provide
a Shuttle Tug compatible system to recover, repair and reorbit spacecraft.

(b) EO0S-A,B,C, and D; SMM; GRE; SSOS; SEOS; SEASAT will benefit in.low voltage
application. SSPS/SEPS are potentially benefiting payloads in high
voltage application.

(c) In orbit repair and/or refurbishment of spacecraft will replace the present
method of operation (launching a second or back-up spacecraft to complete
the mission of a malfunctory/deleted spacecraft).

(d) The test of a model of this type of assembly in a spacecraft (GRE) to
demonstrate its applicability will satisfy the low voultage technology
requirement. A flight experiment of a high voltage assembly must be
performed.

TO BE CARRIED TO LEVEL T
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E DEFINITION OF TECHNOLOGY REQUIREMENT NO, A

e w
1. TECHNOLOGY REQUIREMENT(TITLE): Self-Aligning Multipin PAGE 2 OF 3
Low/High Voltage Electrical Connector Assembly

7. TECHNOLOGY OPTIONS:

(a) Develop a connector for refurbishment and/or repair of malfunctioning
spacecraft system as described in paragraph No. 5.

(b) Capture and return spacecraft to earth for electrical disconnection.

(¢) Continue present mode of operation, i.e., launch a backup spacecraft
to replace the one that has malfunctioned.

8. TECHNICAL PROBLEMS:

(a) Alignment and mating of up to 200 power, data and communication pins/sockets
including an undetermined number of coaxial interfaces.

(b) The effect of thermal gradients on pin/socket alignment.

(c) The effect of high voltage on connector assembly design.

(d) TDRSS compatible-high power with no multipacting.

(e) Connector design must be compatihble with megabit data rates.

(f) Connector must have built in verification of proper engagement.

Y. POTENTIAL ALTERNATIVES:

Aside from those discussed in Section T, there are no known potential
alternatives.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

GRE Spacecraft for low voltage application.

EXPECTED UNPERTURBED LEVEL __
11. RELATED TECHNOLOGY REQUIREMENTS:

Developing tool to measure pin/socket engagement and disengagement forces.

REPRODUCIBILITY OF THE
106 ORIGINAL PAGE IS POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,

et

E——_ —

1f-Al

1. TECHNOLOGY REQUIREMENT (TITLE): Se igning PAGE 3 OF
Multipin Low/High Voltage Electrical Connector Assembly

3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 177]178]79] 80|81

82]83]84]85186]87]88]89{90}91

TECHNOLOGY
Design Low Voltage

1. pssembly

Fab./Mat Low Voltage
* Assembly

Design High Voltage
*  Assembly

2
3
4. Fab./Mat High Volta
5

Voltage Assembly

APPLICATION
1. Design (Ph. ()

2. Devl/Fab (Ph. D)

3. Operations

4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE A

> o

T
TOTAL

NUMBER OF LAUNCHES 21211

ol ==L |®]|* =

9

> s BT g v i ot
.

14. REFERENCES:

Mod 4) SD74-SA-005/.

* Resupply Units
1. Low Voltage Assembly
2. High Voltage Assembly

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REPORTED,
2. THEORY FORMULATED TO DESCR!BE PHENOMENA.
3. TWHFEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,
PERTINENT FUNCTION OR CHARACTERISTIC DFMONSTRATED,

-
.

E.G., MATERIAL, COMPONENT, ETC,

(a) Flight Support System for Earth Observation Satellites (NASA 5-23203,

(b) ILetter NASA/GSFC File No. 8213, Code T30, Subject: "Study of Future
Payload Technology Requirements, Construct NAS2-8272," F. J. Cepoliina
to H. Ikerd, G. D. Convair, dated 10 January 1975. '

(¢) "In-Orbit Servicing" - by F. J. Cepollina & J. Mensfield, pages 46-56
Astronautics & Aeronautics, Vol. 13, No. 2, dated February 1975.

COMPONENT OR BREADBOARD TESTED IN RELEVANT

ENVIRONMENT IN THE LABORATORY,
MODEL TESTED IN AIRCRAFT ENVIRONMENT,
MODEL TESTED IN SPACE ENVIRONMENT.

NEW CAPARILITY DERIVED FROM A MUCH LESSER

OPERATIONAL MODEL.,

RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
. LIFETIME EXTENSION OF AN OI'LRATION.A! MODEL,
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III. Storage

At present, NiCd batteries are used as the energy storage system for all
Low Earth Orbiting (LEO) Payloads that have operating life requireuents exceeding
30 to 45 days. There are presently several factors that limit the life ca-
pabilities of the NiCd batteries. These factors include the effects operating
temperatures have on material stability, life limits of separator materials in
the battery electrolyte, useable capacity with voltage degradation, etc.

Two methods have been proposed to meet these life requirements. The
first is to upgrade the state-of-the-art of the NiCd battery system including
charge control and heat removal. The second approach is to develop and flight
qualify the NiH, battery system. Both proposals are defined by their respective
Technology Development Forms.

There has also been a requirement identified for a high energy density
battery for the outer planet probes. The propulsion group has a requirement
for a lightweight battery for use with auxiliary thruster for stationkeeping
and attitude control. The metal gas cells offer energy density Improvements

by a factor of 2 over NiCd.
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1.

DEFINITION OF TECENOLOGY REQUIREMENT NO.

TECHNOLOGY REQUIREMENT (TITLE): _NiCd Secondary Battery PAGE 1 OF 3__

—System for IST

2

-

)

Q.

TECHNOLOGY CATEGORY: Electric  Power

OBJECTIVE/ADVANCEMENT REQUIRED:_To improve the life and performance
of the battery system thereby reducing the required number of revisits.

4.

CURRENT STATE OFF ART: _Present battery systems will require replacement

at approximately 2.5 year intervals.

HAS BEEN CARRIED TO LEVEL )

DESC RIPTION OI' TECHNOLOGY

There are several factors that limit the operational life capabilities of
NiCd battery systems. These factors include operating temperatures, useable
capacity of electrodes after cyeling, life limits of separators at operating
temperatures, etc. Efforts are under way and should be continued to under-
stand the cause of electrode capacity degradation. The capacity can be
restored by proper reconditioning and a flight system to perform this func-
tion should be developed. Development of separator materials with longer
life capabilities should also be pursued.

P/L REQUIREMENTS BASED ON: [] PRE-A,8} A,[J B,0J ¢/D

6.

RATIONALLE AND AJALYSIS:

a) Battery life is at present the pacing item in the reguirement for
revisits of the shuttle for maintenance purposes.

b) LST and any other long life earth orbiting payload using NiCd battery
energy storage system will benefit from this program.

¢) Justification is primarily to reduce required revisits of shuttle,
therefore resulting in a considerable overall saving to the total
program.

d) The reconditio. .ng system should be laboratory tested. Any change in
separators or electrodes should be life tested in the laboratory.

TO BE CARRIED TO LEVEL 5
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E DEFINITION OF TECHNOLOGY REQUIREMENT

NO,
1. TECHNOLOGY REQUIREMENT(TITLE): _NiCd Secondary Battery PAGE 2 OF 3_

System for LST

-]
.

TECHNOLOGY OPTIONS:

An option to the NiC4d battery system would be one of the metal-gas electrode
systems. These systems are in relative early stages of development but
should be given strong consideration since they have potential advantages in
extending useabl: life 4-5 times and much simpler change control systems.

8. TECHNICAL PROBLEMS:

Prototype reconditioning system has been operated, flight system must be
developed. Electrode problems are not completely understood and requires
basic analysis. New separator systems must be developed for improvement.

Y. POTENTIAL ALTERNATIVES: See options above.

The alternative to solving the technical problems is to use present
technology and limit operation to the limitations of the system.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

None plauned.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

None anticipated.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): _NiCd Secondary PAGE 3 OF 3

Battery System faor IST

12. TECHNOLOGY REQUIREMENTS SCHEDUILE:
CALENDAR YEAR

SCHEDULE ITEM 75176 177]178179]80

81182}183|84|35|86]87}88}89]90}91

TECHNOLOGY

1, Battery component

* analysis

5 Reconditioning system
development demon-
stration
3. Eatter¥ performance
demonstration

4, Life Confidence Test

5.

APPLICATION
1. Design (Ph. C)

2, Devl/Fab (Ph, D)
3. Operations
4.

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

Y
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

1973 NASA Payload Model June 1973
AST-6

Funding cy$'(6-50 k
T7-100k
78-100k
79-50 k
80-50 k

15. LEVEL OF STATE OF ART

+ BASIC PHENOMENA ORSERVED AND REPORTED,
2. THEORY FORMULATED TO DESCR!BE PHENOMENA,
3. THFEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,
4. PERTIMENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPONENT, ETC,

-

COMPONFNT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT,

. NEW CAPANLITY DLRIVED FROM A M'JCH LESSER

OPERATIONAL MODEL.
RELIARILITY UPGRADING OF AN OPERATIONAL MODEL.
LIFETIME EXTENSION OF AN OI'LRATION.A!. MODEL.
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m
1.
System for Low Farth Orbit, Long Life Payloads, LST

DEFINITION OF TECHNOLOGY REQUIREMENT NO,

TECHNOLOGY REQUIREMENT (TITLE): Nill2 Energy Storage PAGE 1 OF 3_

2

-,

(3]

TECHNOLOGY CATECORY: Electric  Power

J.

than avajilable from the present NiCd battery system.

OBJECTIVE/ADVANCEMENT REQUIRED:__Longer life and higher performance

4.

formance characteristics demonstrated.

CURRENT STATE OF ART:; _Early stages of battery development. Cell per-

HAS BEEN CARRIED TO LEVEL 4

-~

J.

Gas electrode batteries offer promise of improved energy densities, better
temperature constraints and excellent rechargeeble prospects. Cells have been

fabricated and evaluated. Life capabllities of cells and battery systems should
be demonstrated.

DESC RIPTION OF TECHNOLOGY

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,B% B,J ¢/D

6,

a)

RATIONALL AND ANALYSIS:

LST and other payloads requiring long life performance in low earth orbit
are presently limited by battery capabilities. Shuttle revisits are placed
by battery life.

IST and others.

NiHp system should provide a life of 4 times greater than NiCd while also
providing improvements and simplicity in thermal control and changing
systems and at least double energy density.

T~tal systems should be demonstrated as to operational capabilities and
deronstration of life to excee that of NiCd system.

TO BE CARRIED TO LEVEL 5_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. #
1. TECHNOLOGY REQUIREMENT(TITLE): Nilo Energy Storage PAGE 2 OF 3_

System for Low Earth Orbit, Long Life Payloads - LST

Pont At ar it ®

7. TECHNOLOGY OPTIONS:

The options are to use NiCd battery systems and operate within their
capabilities.

8. TECHNICAL PROBLEMS:

Known problems have been analyzed. Capabilities now need to be demonstrated.

Y. POTENTIAL ALTERNATIVES;

See options.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Depend on DOD and Consat programs.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

None anticipated.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

———

1.

TECHNOLOGY REQUIREMENT (TITLE); NiHp Energy Storage  PAGE 30F 3_

for Low Earth Orbit, Long Life Payloads - LST

12.

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 ]77]78]79] 80

81

82

83]84(85186]87]88]89190}91

1,
2.
3.
4,
5.

TECHNOLOGY

Evaluation of Cell
status

Development of
Battery System -1

Life Confidence
Test Program

1.
2.
3.
4,

APPLICATION

Design (Ph. C)
Devl/Fab (Ph. D)
Operations

13,

USAGE SCHEDULE: Depends on Schedules Established

TECHNOLOGY NEED DAT}

J

TOTAL

NUMBER OF LAUNCHES

14.

15,

REFERENCES:

The 1973 NASA Payload Model, June 1973.

LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REPORTED,
2, THEORY FORMULATED TO DESCH!BE PUENOMENA,
3. THEORY TELSTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL.,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

E.G., MATERIAL, COMNPOMNENT, ETC,

COMPONENT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.

MODEL TESTED IN AIRCRAFT LNVIRONMENT,

MODEL TESTED IN SPACE ENVIRONMENT.

NEW CAPARLITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODEL,

RELIARILITY UPGRADING OF AN OPERATIV'NAL MODEL.

LIFETIME EXTENSION OF AN OF'LRATION.AL, MODEL,

114



-

DEFINITION Oi TECHNOLOGY REQUIREMENT NO,

High Energ

1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF ___
Density Batteries.
2. TECHNOLOGY CATEGORY: Electric Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:;__Iuprovement by factor of 2 over
NiCd batteries in energy density. Simpler charge control system.

4. CURRENT STATE OF ART; _NiCd cells

HAS BEEN CARRIED TO LEVEL _7

5. DESCRIPTION OF TECHNOLOGY

The metal/gas cell must be qualified in space to meet the requirements of the
outer planet probes (PL Series) the propulsion working group has submitted a
requirement for cells for use with auxiliary electric thruster stationkeeping
and attitude control of geosynchronous satellites.

(EOP, PHY, AST Series)

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A, B,E] ¢/D

6. KATIONALL AND ANAL YSIS:

The metal gas cells offer energy density improvements by at least a factor of
2 over Ni-Cd. In addition the simpler charge control system (overcharge
tolerance) affords considerable promise in reliability and control improve-
ments.

The technology advancements should be carried to an experimental demonstration
on an early shuttle/COEF flight.

TO BE CARRIED TO LEVEL _7

U TS
.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

me— S —————————————————
———— m—— T e —artml)

1. TECHNOLOGY REQUIREMENT(TITLE): _High Epergy PAGE 2 OF _
Density Batteries

7. TECHNOLOGY OPTIONS:

Continued use of heavier, more complicated nickel-cadmium power systems.
High rate silver-zinc cells - not yet qualified py flight test and over-
designed to compensate for zero gravity environment.

8. TECHNICAL PROBLEMS:

Availability of electrolyte at catalytic surface of negative electrode
during charge. Flooding of catalytic surface of negative electrode during
discharge.

Y, POTENTIAL ALTERNATIVES:

Over-designed Ag-Zn cells.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
RTOP 506-26-23

EXPECTED UNPERTURBED LEVEL Z_

11. RELATED TECHNOLOGY REQUIREMENTS:

Fluid control under zero g

REPRODUCIBILITY OF Tk
116 QRIGINAL PAGE I8 POOR




DEYINIT1ON OF TECHNOLOGY REQUIREME XT NO.

Density Hatte~’es

1. TECHNOLU.Y REQUIREMENT (TITLE): High Energy

PAGE 3 OF ___

12, TECHNOLC::Y REQUIREMENTS SCHEDULE:
CALENDA¥ Vi AR

SCHEDUILE I'TT"M

76

77

78

TECHNOLOGY
1. Analysis/Design

2. Fab/Pkg.

3. Test

4. Flight

5. Analysis/Doc.

r
79{ 8081 sz—r i{=1]35]86|87|88]89;90]91
b2

[]
t
]
b |
i
1

I

APPLICATION
1. Design (Ph, C)

2, Devl/Fab (Ph. D)
3. Operations
4,

13, USAGE SCHEDULE:

TECHNOLOGY NEED DATL.

NUMBER OF LLAUNCHES

14. REFERENCES:

Continued

OR MATHEMATICAL MODLL,,

15, LEVEL OF STATE OF ART

1. BASIC PHENOMENA OMSERVE D AND REPORTED.
1. THEGHKY FORMULATED TO DESCRIBE PHENOMENA,
3. THEORY TESTED BY PHYSICAL EXPERIMLNTY

Cells," Eisenberg, Morris Proceedi

1. "Gravitational Effects on Electrochemical Batteries," Mereiith, Robert E.,
Juvinall, Gordon L., and Uchiyama, A. A.; JPL Technical Report 32-1570.

2. "Reduced Gravity Battery Test Program," Final Report, Contract 952121,
The General Electric Company.

3. "The Effect of Weightlessness on the Performence of Batteries and Fuel
ngs of the 12th Annual Battery R & D

Conference; U.S. Army Signal lab, 1953.

4, "The Sealed Nickel-Hydrogen Secondary Cells," Giver, Jose, and Dunlop,
James D., J. Electrochemical Socicty 122 No. 1, p 4, 1975.

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, CONMPOMENT, ETC,

8. COMPONFNT OR RREADBOARD TESTLD IN RELEVANT
ENVIRONMENT IN Ti{t LARORATORY,

6. MODEL TESTED IN AIRCRA}T ENVIRONMENT,

7. MODEL TESTED IN SPACE EXVIROXMENT,

0. NEW CAPAMLITY DLRIVED FROM A MUCH LESSER
OPERATIOMAL MODEL.

9. REUIARILITY UPGRADING OF AN OPERATIONAL MODEL,

10. LIFETIME LXTENSION OF AN OJ'LRATION \1, MODEL,
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Density Batteries

14. REFETENCES (Continued)

5. "A Nickel-Hydrogen Secondary Cell for Synchronous Orbit Application,"
Storkel, J. F., Van Omunering, Swette, L., and Gaines, L. 8th IECEC
Conference, 1973 Proceedings, p. 87.

6. "Nickel-Hydrogen Battery System:, Klein, M., and Beker, B. 5., 9ta
IECEC Conference, 1974 Proceedings, p. 118.

7. "Ni~iel-Hydrogen Battery Development for Synchronous Satellites,"”
Gandel, M. G., Chang, R., and Harsch, W. C. ibid. p. 123.
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BOOK III: OPPORTUNITY DRIVEN TECHNOLOGY

I. Energy Scurces and Conversion
A. Solar Photovoltaic

The report of the outlook for Space Study, July 1975, conclude that
"Intensive technology programs and economic studies in---power generation in
space---should be pursued to thoroughly evaluate such concepts relative to
ground based solutions." Therefore, a long range technology opportunity is the
development of the Satellite Solar Power Station (SSPS). However, fundamental
to the economic feasibility of the Satellite Solar P.wer Station is availability
of highly efficient, possibly high temperature, advanced photovoltaic energy
converters., These converters can either be used to produce power alone or can
be combined with a low-cost solar conceatrator. The latter system may be more
effective, but will require substantial solar cell cooling capability and/or
cells capable of high temperature operation.

Three areas of beneficial technology were identified for the basic
photovoltaic devices:

a. III-V compound semiconductor solar cells.

b. Multi-junction, edge-illuminated, silicon solar cell.

¢. Electromagnetic wave energy converter (EWEC).

The III-V compound cells offer the possibility of a major breakthrough on
increased low temperature efficiency (up to 35% AMO at 20°C) by application of
sophisticated but existing technology developed for photocathodes. These cells
* suld consist of several layers of binary and ternary materials and would use
two or more series connected p-n junctions. A less involved technology applied
to development of the Schottky barrier "AMOS" cell and the AlAs-InGa As Hetere-

face cell may lead to less spectacular improvements over the present state-of-

the-art AMO efficiency of 15% at 20°C.
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The III-V compound semiconductor materials also offer the unique capability
of efficient cell operation at temperatures up to 3CO°C. Work proposed under
Technology Requirements (mission driven technology) includes development of
AlGaAs-GaAs cells to be 9% efficient at 300°C. Thin goal could exceed 10% at
300°C for Alx Gay _y As-Aly Gaj _y As (x>y) Heteroface and Graded 3and-Gap
cells properly designed for high temperature operation. Another approach to
the solar concentrator/solar cell system is the multijunction silicon cell
(MJSC) operated at low temperatures (30°C). Thin device has a demonstrated
efficiency of 10% AMO for concentrations up to 500 AMO, when properly cooled.
Conversely to standard silicon cells, the efficiency of the MJSC increases with
increasing concentrations. The new EWEC proposed also offers a potential break-
through on efficiency at both low and higher temperatures; although the fabrica-

tion technology is quite sophisticated.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT (TITLE): Solar Cell Array PAGE 1 OF __
for SSES

3]

-

.

TECH

OBJECTIVE/ADVANCEMENT REQUIRED:_Development of very large, very
lightweight, inexpensive, high voltage solar cell array.

NOLOGY CATEGORY; Electric Power

i,

CURRENT STATE OF ART:

HAS BEEN CARRIED TO LEVEL __

DESCRIPTION OF TECHNOLOGY

SSPS Requirement Current state of art
Area 25 sp. km. 100 sg m
weight/power 1 kg/kw 15 kg/kw

cost $200/kw $300,000/kw

voltage 20,000V Tov

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,J B,[J ¢/D

6.

RATIONALK AND ANALYSIS:

a.

SSPS concept and feasibility studies indicate that for efficient power
generation and microwave transmissions the array power leve! muzt be
about 5 Giga W. at 50 KV. SSPS economically competitive with terrestrial]
nower systems, the array must be inexpensive and lightweight to reduce
transportation costs.

SSPS and large space bases or colonies

SSFS will not be practical without the advancement

Level of technology mwaturity required: 7

TO BE CARRIED TO LEVEL 7
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

——
som——

1.

—— ——e
—

TECHNOLOGY REQUIREMENT(TITLE): __Solar Cell Array PAGE 2 OF __
for SSPS

7.

TECHNOLOGY OPTIONS:

If cost, weight, life or size not achieved, solar cells will not be
practical for SSPS.

TECHNICAL PROBLEMS:

8. Solar cells with efficiency near theoretical limit

b. Fabrication and handling of very thin cells and arrays

c. Long life array materials (substrate, encapsulant or cover)
d. Radiation damage prevention

e. Iarge lightweight concentration

f. Development of low cost metuods for froutier technology

9.

POTENTIAL ALTERNATIVES:

Other power generation systems, such as solar dynamic or nuclear dynamic
or thermionic, would have to be developed to meet comparable requirements.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

L or
EXPECTED UNPERTURBED LEVEL 5_

11.

RELATED TECHNOLOGY REQUIREMENTS:;

Very low cost space transportation system to geosynchronous orbit. Materials
and design concepts for large,ultralight space structures. Assembly,
attitude control, and sun tracking for large ultralight structures.
Efficient microwave generators.

large phased microwave array.

RF/DC converters.

REPRODUCIBILITY OF THE

122 ORIGINAL PAGK IS POOR
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DEFINITION OF TECHNOLOGY REQUIRENENT NO,
e —= ——— ]

| ————————————ad
1. TECHNOLOGY REQUIREMENT (TITLE): _Solar Cell Array PAGE 3 OF __
for SSPS

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM

75

76

77

78

79

80

81

82]83}84

85

86

87

88

89

90

91

TECHNOLOGY

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

Report of the Outlook for Space Study,

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBSERVED AND REPORTED.

3, THEORY FORMULATED TO DESCR!BE PIIENOMENA.

3. THEORY TESTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPONENT, ETC,

July 1975.

$. COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.
¢. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
7. MODEL TESTED IN SPACE ENVIRONMENT,
8. NEW CAPANLITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.
9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,
10, LIFETIME EXTENSION OF AN OF'LRATIONAL MODEL,
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PEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): High Efficiency, PAGE 1 OF ____
Radiation . Resistant, High Temperature, Light Weight III-V Compound Solar Cells
2. TECHNOLOGY CATEGORY: _ Electric _Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Increase initial and end-of-life
power conversion efficiencies (N and N , respectively) of solar cells toN =

= 19%.
204 a.nr'LnEUL 9%

I EOL I
+. CURRENT STATE OF ART: _n_= 15% AMO andn = 11.5% for present laboratory
I HAS BEEN CARRIED TO LEVEL i

5. DESCRIPTION OF TECHNOLOGY

The required new technology is to increase ng to 20% and N EoL to 19% by one
or more of the following efforts pursued using AlGaAs-GeAs, AlAs-InGaAs, and
other III-V material systems:

a. Heteroface cells.
b. Single and double Graded Band-Gap Cells.
¢. Schettky- Barrier, Multi-junction cells.

In this area, III V compound semiconductor material are combined with ideas
which are combined with ideas which are either novel or are older, but prime for
development using new material technology and capablility. For example, prelimi-
nary evidence indicates that a new class of AlAs-In.o9Ga_9l cells will provide

higher power conversion efiiciencies than present Al gGa pAs-GeAs cells when
(Continued) P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,0 B,[] ¢/D

6. RATIONALFE AND ANALYSIS:
a. Improved n and n EoL will significantly decrease the number of cells needed

to achieve specified power requirements, and therefcre will increase power to
weight ratios for future solar cell arrays. A new high temperature capabil-
ity will facilitate both use of concentrators with photovoltaic systems and
near -sun/high radiation missions.

b. Missions requiring solar electric power, particularly near-sun/high radiation
missions and missions requiring solar concentration, e.g. SSPS,

¢. Advancement will decrease weight and maintain power output of future solar
cell arrays. Also, a new capability of array operation up co 300°C is
possible along with increased reliability, particularly in space radiation
environments.

d. Simplified material growth and device processing technique amenable to
high volume production need to be developed.

TO BE CARRIED TO LEVEL T
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

— ——

—

1. TECHNOLOGY REQUIREMENT(TITLE): _High Efficiency, Radia- PAGE 2 OF _
tion Resistant, High Temperature, Light Weight III-V Compound Solar Cells

7. TECHNOLOGY OPTIONS:

Power Systems utilizing cells of reduced n I and Ngor, vill require more cells

to supply required power. Reduction of N EOL will reduce system reliability
in space radiation environment.

TECHNICAL PROBLEMS:

a. Growing thin layers of III-V material of both uniform and graded composition
material.

b. Surface passivation.

¢. Maintalning simplicity of ,rocessing techniques.

Y. POTENTIAL ALTERNATIVES:

Si Solar Cells

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOPs 506-18-21
506-16-13

EXPECTED UNPERTURBED LEVEL 4

11. RELATED TECHNOLOGY REQUIREMENTS:

None
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DEFINITION OF TECHNOLOGY

REQUIREMENT

o

—

NO,

st~

1.

TEC HNOLOGY REQUIREMENT (TITLE):
tion Resistant, High Temperature, Light Weight III-V Compound Solar Cells

—

High Efficiency Radia- PAGE 3 OF

14. REFERENCES:
"Ooutlook for Space' document

"High Efficiency Graded Band-Gap Al Ga;
Applied Phys. Letters 26, 457 (1975).

"High Efficiency Graded Band-Gap Al,Ga,
Hutchby, llth Photovoltaic Specialists

"
Gay .xALA
Woodall, J. Electrochem. Soc. 120, 1246

"15% Efficient, Anti

15. LEVEL OF STATE OF ART

1.
2,
3,

BASIC PHENOMENA ORSERVED AND REPORTED.
THEORY FORMULATED TO DESCR!BE PHENOMENA,
THFORY TESTED BY PHYSICAL EXPERIMENT

OHR MATHEMATICAL MODEL,
4.

E.G., MATERIAL, CONPOMENT, ETC,

s-GaAs P-P-N Heterojunction Solar Cells," by H. J. Hovel and J. M.

-Reflection Coated Metal-Oxide-Semiconductar Solar Cell "
by R. J. Stirn and Y.C.N.Yeh, Applied Phys. Letters 27

PERTINE NT FUNCTION OR CHARACTERISTIC DEMONSTRATED,

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR
SCHEDULE ITEM 75176 |77] 78| 79] 80|81 82| 83| 84| 35|86]|87}88|89{90]91

TECHNOLOGY

1.

2-

3.

40

5.
APFLICATION

1. Design (Ph, C)

2, Devl/Fab (Ph. D)

3. Operations

4.

13. USAGE SCHEDULE: z

: ‘

TECHNOLOGY NEED DATE TOTAL

NUMBER OF LAUNCHES ;

_As-CeAs Solar Cell," by J. A. Hutchby,

As-GeAs p-on-n Solar Cells," by J. A.
tonference (1975).

(1973).

, 95 (1975).

COMPONFNT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT.

MODEL TESTED (N SPACE ENVIRONMENT,

. NEW CAPANILITY DERIVED FROM A MUCH LESSER
OPERATIONAL MODEL.

RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,

. LIFETIME EXTENSION OF AN OI'LRATIONAT, MODEL.

v St $3 RNRPET ALY
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
_——eeeeeeeeeee—e—————————————————e——————————————————]

1. TECHNOLOGY REQUIREMENT (TITLE): High Efficiency Radia- PAGE OF __
tion Temperature, Light Weight III-V Compound Solar Cells

L)

5. DESCRIPTION OF TECHNOLOGY (Continued)

fabricated using the Heteroface Structure. This is due to the better match
between the absorption band of In ,Ga lAs and the solar energy spectral distri-
bution. In another example, the Sggotﬁgy barrier solar cell by itself is well
known and generally suffers from low open eircuit voltage. However, MOS theory
and technology indicates that a properly fabricated imperfect or "lossy" surface
can be used to provide significant improvement in the voltage. This improved
voltage, combined with the high short circuit current delivered by GaAs Schottky
barrier cells, may provide an improved class of solar cells based on a relatively
simple technology. As a last example, technology recently developed for fabri-
cating new III-V photocathodes can now be used to fabricate new solar cells con-
sisting of several layers of different III-V binary and ternary materials combined
with two or more p-n junctions. The maximum practical efficiency possible with
this structure appears to be in excess of 24% AMO ( a maximum of 35% AMO may be
possible).
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE); Multi-junction, Bdge- =~ PAGE 1 OF _3_
illuminated, Silicon Solar Cell

2. TECHNOLOGY CATEGORY: __ Electric = _Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Improve performance characteristics
while optimizing the physical configuration of the cell for exposures in the
range of 1 to 1000 AMO.

. CURRENT STATE OF ART:; _16 and 96 Series Connected p+-n-n+ junction cells
have been developed through technology feasibility demonstration.

HAS BEEN CARRIED TO LEVEL 4

5. DESCRIPTION OF TECHNOLOGY

The multi-junction, edge-illuminated silicon solar cell (MJSC) is an integrally
bonded, sandwich stack of series connected p+-n-n+ unit cells assembled to
produce a relatively high voltage (36V) and low current (lma) solar cell.

P/L REQUIREMENTS BASED ON: [] PRE-A,[J A,0 B,0 ¢/D

6. RATIONALLF AND ANAIL.YSIS:

a. The2 MJSC has the potential of efficient operation under concentrated sun-
ligut of several solar constants, provided excess heat is removed from the
cell. Since concentrators appear to be cheaper than solar cells, this
technology could be used on the SSFS.

b. SSPS and possibly SEPS (Solar Electric Propulsion System)

c. Use of the MJSC could provide efficient (approx. 10% AMO) cells for use
on SSPS.

d. Should be carried to level T.

TO BE CARRIED TO LEVEL T
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, f
— —
1. TECHNOLOGY REQUIREMENT(TITLE): Multi-junction, Edge- PAGE 2 OF __ }

illuminated, Silicon Solar Cell

7. TECHNOLOGY OPTIONS:

As cell efficiency decreases, particularly when used in a concentrator system,
the specific mass of the array increases which in turn increases the array
fabrication and launch cost.

8. TECHNICAL PROBLEMS:

a. Additional experimental, analytical, and device optimization work is
required.

b. Techniques required to passivate the exposed surface and to provide an
anti-reflection coating need to be developed. :

Y. POTENTIAL ALTERNATIVES:

Standard Silicon Cells ]

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

None

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:

Concentrator Technology.

Thermal dissipation technology.

R

g o
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

[ ——

illuminated, Silicon Solar Cell

1. TECHNOLOGY REQUIREMENT (TITLE): Multi-junction, Edge- PAGE 3 OF ___

12, TECHNOLOGY REQUIREMENTS SCHEDULE;:
CALENDAR YEAR

SCHEDULE ITEM 75176177]78]79]80

81

82

83]84135186]87188]89]{90}91

TECHNOI.OGY
1.

2,
3.
4,
5.

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4,

1. USAGE SCHEDULE:

TECHNOLOGY NEED DATE

1
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

Sater, C. Gordia, NASA TMX-71718 (1975).

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OPRSERVED AND REPORTED,

2. THEORY FORMULATED TO DESCRIBE PHFNOMENA,

3. THEOIY TESTED BY PHYSICAL EXPERIMENT
OR MATNEMATICAL MODEL,

4. PERTINLNT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E,G., ' .TERIAL, CONMPONLAT, ETC,

"Multi-Jjunction, edge-illuminated Solar Cell;" by B. L. Sater, H. W. Brandhorst,
T. J. Riley, and R. E. Hart, NASA TMX-T1718 (1975).

"High Intensity Solar Cell - Key to Low Cost Photovoltaic Power," by B. L.

» NEW CAPANLITY DLRIVED FRUM A MUCH LESSER

. RELIARILITY UPGRADING OF AN OPERA T NAL MODEL,
. LIFETIME EXTENSION OF AN OFLRATION \!. MODEL,

COMPONFNT OR RREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN Tl LARORATORY,

MODEL TESTED IN AIRCRA}T LNVIRONMENT,

MODEL TESTLD IN SPACE ENVIRONMENT,

OPERATIONAL MODEL.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
-w
1. TECHNOLOGY REQ{IREMENT (TITLE): High Efficiency, Low PAGE 1 OF ___
Cost, Radiation Resisvant Electromagnetic Wave Energy Converter (EWEC)

2. TECHNOLOGY CATECORY: _Eilectric _ Power
3. OBJECTIVE/ADVANCEMENT REQUIRED: Increase Efficiency, increase radia-

tion resistance, and reduce cost of converting solar energy to electrical power

by using a new dipole antenna/diode detector concept.

4. CURRENT STATE OF ART: _lnitial efficiency of laboratory Si Solar Cells
is 15% AMO, and the end-of-life efficiency is 11.5%.
HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Solar electromagnetic wave energy is converted to electrical power or thermal
energy using ar. array of small dipole antennas matched ot the wavelength
spectrum of the sun, coupled with high frequency diode detectors. The maximum
theoretical efficiency is not yet known, but may be in excess of 24%,

P/L REQUIREMENTS BASED ON: [J PRE-A,[0J A,J B,0J ¢/D
6. RATIONALY AND ANALYSIS:

a. Improved initial and end-of-1life efficiencies and decreased weight will
significantly reduce the overall weight required to achieve specified power
requirements. Also, cost of future solar electric power systems could
be reduced.

b. Missions requiring solar derived electrical power, e.g. SEPS and SSPS,

c. Advancement will decrease weight and cost while maintaining power output
of future space power systems. Also, reliability of future arrays may
be increased, particularly in space radiation environments.

TO BE CARRIED TO LEVEL T
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,

1.

TECHNOLOGY REQUIREMENT(TITLE): _(EWEC) PAGE 2 OF __

{

7. TECHNOLOGY OPTIONS:

Power systems utilizing cells of reduced efficiency will require additional
welght to maintain power level. Also increased cost will make them less
attractive for either SEPS or SSPS.

8. TECHNICAL PROBLEMS:

a. General problem of identifying low cost and high reliability material and
technclogy for fabricating small dipole antennas on appropriate substates.
b. Development of extremely high frequency dioder.

Y. POTENTIAL ALTERNATIVES:
Si and III-V Compound Solar Cells.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
Solar Cells

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY RNLQUIREMENTS:
Planned Unperturbed Level is 1.
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I. Energy Sources and Conversion
B. Solar and Nuclear Therwo Electric (Heat Source Technology )

There are many energy sources available for space power systems. Solar
concentrator and nuclear heat source technologies are included because they
provide for long life, cover the entire power range envisioned and can pro-
vide high power densities. In certain missions, there is a need to provide
power outside the useful range of solar energy or which requires electric
propulsion and high power densities. Nuclear heat sources may be the only
heat source capable of meeting mission requirements. Isotope heat sources
such as the multi-hundred watt heat source which could be used with thermo-
electrics, thermionics, or the dynamic erergy conversion systems is included
as a nuclear heat source.

The objective of these technologies is to develop heat sources which
satisfy the entire power range needs and is adaptable to any power conversion
system. A lofty goal of the nuclear heat source technology is the develop-
ment of an all purpose reactor capable of scaling to all power level needs

and adaptable to any power conversion system.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): Solar Concentrators PAGE 1 OF _4_

for High Temperature Energy Conversion to Electric Power
2. TECHNOILOGY CATEGORY: Electric Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Develop technology for solar concen-
trators for small (10-300 Kwt), intermidiate (1000-2500 Kwt) and MW class

_power systems.

4. CURRENT STATE OF ART: _Minimal concentrstor technology at low power. No
technology available at large power levels.

HAS BEEN CARRIED TO LEVEL )

5. DESCRIPTION OF TECHNOLOGY

There are many potential applications of solar energy in space which range from
low powers (usually photovoltaic) to intermediate such as solar electric pro-
pulsion to very high powers in the MW class which may be used to beam energy
back to earth via microwave transmission. This technology is unavailable at
large levels. This effort should provide the following--

a. Define pointing requirements

b. Develop fabrication methods for tow cost lightweight concentrators

¢. Develop methods for pointing and stabilizing large concentrators

d. Select and develop materials to meet large, low cost concentrators

e. Ground test to determine performance of concentrator.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A, B,[J ¢/D

6. RATIONALL AND ANALYSIS:

a. Solar concentration will permit the efficient conversion of solar energy
to electric power by providing thermal energy at temperatuces useful in
thermionic, Brayton or Rankine conversion systems. Concentration ratios
in the range of 1000-3000 are required. Accurate pointing and stability
of the platform are also required.

b. Solar electric power and propulsion may enter a number of important missions
post 1985 such as propulsion for missions in near sun orbit, disposal of
hazardous nuclear material into the sun, large space station power and lunar
base power.

c. Advanced energy conversion systems will permit high system efficienciles
(20-35% + depending on conversion system selected), resulting in substantial
reduction in size and weight of collector area as compared to photovoltaic.
Substantial cnst reductions are also expected.

d. Testing of suiivably scaled concentrator in space to demonstrate capability
to point and stabilize large structures is required for user acceptance.

TO BE CARRIED TO LEVEL 7
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

= =
1. TECHNOLOGY REQUIREMENT(TITLE): _Solar Concentrators for PAGE 2 OF 4_
High Temperature Energy Conversion to Electric Power

7. TECHNOLOGY OPTIONS:

Capability to point and stabilize large structure (concentrator) could affect
performance. Trade of pointing accuracy versus performance is possible.
Fabrication of low cost, high quality mirrors is required.

3. TECHNICAL PROBLEMS:

a. Fabrication of low cost, lightweight concentrators.
b. Pointing and stabilizing large structures.

Y. POTENTIAL ALTERNATIVES:

Nuclear heat source.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Unperturbed technology will result in zero capability for intermediate and
large powers and limited capability at low power.,

EXPECTED UNPERTURBED LEVEL 3

11. RELATED TECHNOLOGY REQUIREMENTS:

Advanced conversion systems (Brayton, Rankine, Thermionic)
large structures
Pointing and Stabilization
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L DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE):

Solar Concentrators

PAGE 3 OF _bk

for High Temperature Epergy Conversion to Electric Power

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176771 78]79]80

(1]

81

82183)81]35}86}87]85]89]90]91

TECHNOLOGY
1. Analysis/Design --4--

2. Fabrication -=-q--

3. Ground Test =
4. Flight Design & Fab. -

5. Space Demonstration

-~ -

APPLICATION
1. Design (Ph. C)

2. Devl/Fab (Ph. D)
3. Operations
4,

13, USAGE SCHEDULE:

TECHNOILOGY NEFED DATI.

Y
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REPORTED.

2, THEORY FORMULATED TO DESCRIBE PUINOMENA.

3. THEORY TESTED BY PINSICAL EXPERIMENT
OR MATHEMATICAL MODF L.,

4, PRRTINLNT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, CONPONENT, E1C,

8. COMPONENT OR AREADBOARD TELSTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,

7. MODEL TESTLD IN SPACE ENVIRONMENT,

8. NEW CAPAMLITY DLRIVED FRUM A MUCH LESSER
OPERATIONAL MODLL,

9. RELIABILITY UPGRADING OF AN OPERA T1ONAL MODEL.

10. LIFETIME EXTENSION OF AN OI'LRATION \!, MODE L,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): _ Nuclear Electric PAGE 1 OF _3_
Power for Propulsion or lLarge Power Uses

2. TECHNOLOGY CATEGORY: _Electric Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Develop a nuclear heat source
adaptable to various conversion systems at various power levels.

4. CURRENT STATE OF ART: _Conceptual designs of various systems, Ground
testing of ZrH reactor accomplished, Various fast reactor concepts studied.

HAS BEEN CARRIED TO LEVEL _4

5. DESCRIPTION OIF TFCHNOLOGY

The nuclear heat source is a costly development item. A reactor which can be
scaled to any power level and is adaptable to any power conversion system would
be ideal. Utilization of heat pipes to transfer heat from the reactor to the
working fluid of the power conversion system would separate the reactor from
the conversion system. Most reactors are readily scaled in power. Size limits
may result from control requirements.

A number of candidate concepts are being investigated. These include the
gaseous core fast reactor, a UOQ/MO cermet fueled fast reactor, and a UN-Li
cooled fast reactor. The best reactor concept must be selected to serve as
many uses as possible. This technology effort should provide the following:
a. Continue technology development of promising concepts.
b. Evaluate technology and select most promising approach
c¢c. Demonstrate capability on ground test.
d. Demonstrate flight capability in selected experiment.

P/L REQUIREMENTS BASED ON: [J PRE-A,[0J A, B,[J C/D

6. RATIONALIL AND ANALYSIS:

a. The nuclear heat source selected must be capable of operating at tempera-
tures up to 1800°K (thermionics) and power levels of 100 KWe to Mwe.
Conversion efficiencies vary from a high of 35% (Brayton) to a low of 18%
for thermionics.

b. Nuclear electric power and propulsion may enter a number of missions post
1990 such as lunar base power, exploration of distant planets, etc.

¢. Power density of nuclear reactor systems and specific impulse attainable
can only be accomplished in this manner -for certain missions.

d. Testing of a sultable reactor experiment in space to demonstrate performance
and capability is required for user acceptance.

TO BE CARRIED TO LEVEL T
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
— =

[ 2=

1. TECHNOLOGY REQUIREMENT(TITLE): Nuclear Electric PAGE 2 OF 3_
Power for Propulsion and large Power Users

7. TECHNOLOGY OPTIONS:

The approach of a universal heat source is primarily accommodated by the use of
heat pipes. Certain energy conversion systems such as Brayton may not require
this element. This reactor technology is applicable to a wide range of power
levels and is essentially independent of the energy conversion system.

8. TECHNICAL PROBLEMS:

a. Long life, reliable fuel elements.

b. Reactor fuel-heat pipe bonding

c. Possible venting of fission products to attain long life
d. Long term materials comparibility

e. Neutronics and control

Y. POTENTIAL ALTERNATIVES:

No known alternatives to high power density and high specific impulse
attainable with nuclear electric propulsion for exploration of remote

planets.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
Advancement required will not occur without special effort by NASA.

EXPECTED UNPERTURBED LEVEL }

11. RELATED TECHNOLOGY REQUIREMENTS:
Heat Pipe Technology

Brayton Materials
Rankine Iarge Radiators (Structures)
Thermionic
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

=

;1. TECHNOLOGY REQUIREMENT (TITLE):
Rower _for Propulsion apd large Power Users

Nuclear Electric PAGE 3 OF 3

12. TECHNOLOGY REQUIREMENTS SCHEDULE;
CALENDAR YEAR

4.

1. Design (Ph. C)
2, Devl/Fab (Ph. D)
3. Operations

SCHEDULE ITEM 751761771 78]79{80|81]82]83|84]35[86]87|88]|89|90]91

TECHNOLOGY

1, Analysis/Design

2, TFabrication

3. Test

4, Documentation —t—

5,
APPLICATION

13.

USAGE SCHEDULE:

'TECHNOLOGY NEED DATE

"
TOTAL

NUMBER OF LAUNCHES

14.

15,

1.

- THEORY FORMULATED TO DESCR!BE PHENOMENA.
LR

REFERENCES:

LEVEL OF STATE OF ART

BASIC PHENOMENA ORSERVED AND REPORTED.

THEORY TLSTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL.,

PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATENIAL, CONPOMENT, ETC,

. LIFETIME EXTENSION OF AN OI'LRATION.A!, MODEL,

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY.,

MODEL TESTED IN AIRCRAFT ENVIRONME NT.

MODEL TESTED iN SPACE ENVIRONMENT.

NEW CAPANLITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODEL,

RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
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I. Energy Sources and Conversion
B. Solar and Nuclear Thermal Electric (Energy Conversion Technology)

There are a number of dynamic and static energy conversion systems which
should be evaluated for future use. The dynamic systems include Brayton,
Rankine and Stirling and static systems which include thermionic, thermo-
electric and dielectric systems. All conversion systems except for the
dielectric system are adaptable to either solar or nuclear heat source. The
overall objective of the energy conversion technologies is to determine the
conversion system or systems best suited to accomplishing mission and
opportunity goals. A lofty goal for the energy conversion technologies would
be to converge on and develop on all purpose conversion system ddaptable to
either a solar or nuclear heat source and scalable to all power ranges.

The dynamic conversion systems tend to have higher efficiencies and lower
specific weight systems. However, they have not demonstrated reliability in
space and exhibit a single point failure mode characteristic.

The static conversion systems tend to have lower efficiencies and higher
specific weights. In general, they are considered to offer greater reliability
through use of redundant power circuits. Thermonic conversion does have the
potential for efficiencies equal to Brayton systems.

The dielectric conversion system has the pjotential for the highest power

density of any conversion system.

REPRODUCIBILITY OF THB
ORIGINAL PAGE IS POOR
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1.
_Brayton Fnergy Conversion (Solar and Nuclear Heat Source)

<.

.

DEFINITION OF TECHNOLOGY REQUIREMENT NO.
TECHNOIL.OGY REQUIREMENT (TITLE): Extra Terrestrial PAGE 1 OF _4_

TECHNOLOGY CATEGORY: __Electric Power

OBJECTIVE/ ADVANCEMENT REQUIRED:___Development of long life, reliable,
efficient and low cost Brayton power systems for various power levels and

applicetions.

1. CURRENT STATE OF ART: _Technology for 2-15 KWe power ground demonstrated
00 . ie) d nstration of 1 e Brayton isotope power system

planned for 1977. HAS BEEN CARRIED TO LEVEL 5 _

A B, okt N

5. DESCRIPTION OF TECHNOLOGY

The concept of using extra terrestrial energy on earth requires that solar
energy be converted into high voltage, direct current power for microwave
transmission to rectennas on earth. A Brayton thermomechanical conversion
system has the potential to provide suitable power at high efficiency (35-40%).

Certain missions such as near sun orbits, disposal of hazardous nuclear material
exploration of distart planets, etc. require high specific impulse thrusters.
Solar or nuclear electric propulsion are candidate systems. High voltage
direct current power is required.

Low Power systems (l-25KWe) are also .erved by this technology.

This technology should provide the following for three power ranges, 1-25 KWe,
100-500 KWe and the MWe class. (Continued)

P/L REQUIREMENTS BASED ON: [J PRE-A,[O A,[0J B,00J0 ¢/D

6.

RATIONALLF AND ANALYSIS:

a. A 20 kv potential is required for the amplitron microwave generator if 90%
efficiency is to be obtained in the transmission system. Several kv may be
required for electric propulsion. The usual voltages would be required for
low power systems.

b. Payloads which will benefit from this activity include future exrerimental
space power station laboratories, full sized solar power stations, lunar
bases, missions to the sun or distant planets requiring high specific im-
pulse and special applications of low power systems.

¢. The high system efficiency will reduce area of collector, size ~nd weight
of structure (compared to photovoltaic) and cost of system.

d. Brayton power system must be tested in space for extended periods of time
to demonstrate reliability and capability.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT

—
——

——

1. TECHNOLOGY REQUIREMENT(TITLE):; Extra Terrestrial PAGE 2 OF 4
Brayton Energy Conversion (Solar and Nuclear Heat Source)

7. TECHNOLOGY OPTIONS:

System performance directly affects collector area and weight. Thirty year
life may not be attainable. Temperature, performance, life trades will permit
selection of optimum system. Advancement of materials technology may provide
full life of system. May replace turbomachinery loop at periodic intervals.

8. TECHNICAL PROBLEMS:

1. Thirty year reliable life.

2. Single point failure mode (loss of working fluid) demands high containment
reliability.

3. Requires good pointing accuracy of concentrator (.05-0.1 deg.).

Y., POTENTIAL ALTERNATIVES:

Alternatives are photovoltalc, rankine or thermionic conversion systems.
All alternatives suffer lcwer efflciencies and higher collector areas.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Unperturbed technology will result in zero capability in large and intermediate
systems and partial capability in small systems.

Low Power
High Power
EXPECTED UNPERTURBED LEVEL 5

11. RELATED TECHNOLOGY REQUIREMENTS:

Materials Large Structures

Controls Nuclear Heat Source
Concentrators (mirrors)
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

e

1. TECHNOLOGY REQUIREMENT (TITLE): _Extre Terrestrial PAGE 3 OF 4
Bravton Egergy Conversion (Solar aad Nuclea: Heat Source )

12. TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 [771781791801|81]82]83|84]35]|86|87188189/90]91
TE CHNOLOGY
1, Design
2. Fabrication —)

3. Ground Test

4. Design Flight Sys.
5, Flight Demo Test

APPLICATION
1. Design (Ph, C)

2. Devl/Fab (Ph. D)
3. Operations
40

13. USAGE SCHEDULE:

TECHNOI.OGY NFED DATE

TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

RTOP 506-23-4

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OPMSERVED AND REPORTED.

THEORY FORMULATED TO DESCRIBFE. PHERNOMENA,

3. THEOR\ TRSTED BY PHYSICAL EXPERIMENT
OR MATHEMATICAL MODEL,

4. PERTIMNENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPOMENT, ETC,

. NEW CAPARLITY DLRIVED FROM A MUCH LESSKER

, RELIARLITY UPGRADING OF AN OPERATIONAL MODEL,
. LIFETIME EXTENSION OF AN OFLRATION \I. MOLEL,

COMMONFNT OR BREADBOARD TESTLD IN RELEVANT
ENVIROKMENT IN THE LARORATORY,

MODEL TESTED IN AIRCRAFT LNVIRONMENT,

MODEL TESTED N SPACE EXVIRONMENT,

OPERATIONAL MODEL.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,
1. TECHNOLOGY REQUIREMENT (TITLE): _Extra Terrestrial PAGE 4 OF 4 _

Brayton Energy Conversion (Solar and Nuclear Heat Source)

5. DESCRIPTION OF TECHNOLOGY (Continued)

a. Develop deuigns that are lightweight and reliable.

b. Identify materials requirements and qualify.

c. Demonstrate performance and life capability via ground test.
d. If warranted, demonstrate space capability of selected size.

RODUCIBILITY OF THE
gx?iamu PAGE 18 POOR
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE); Extra Terrectrial PAGE 1 OF 4

Rankine Energy Conversion (Solar and Nuclear Heat Source)
2. TECHNOLOGY CATEGORY: _Electric Power

3]

3. OBJECTIVE,ADVANCEMENT REQUIRED:_Development of long life, efficient
reliable Rankine power systems of various power levels.

s

t. CURRENT STATE OF ART: Iechnology for small, liguid metal, Rankine power

systems partically developed. No technolog_,\L for laz}e Rankine space power

systems exists. Low Power
y Jm_‘mr HAS BEEN CARRIED TO LEVEL __2

5. DESCRIPTION OF TECHNOLOGY The concept of using extra terrestrial energy
on earth requires that solar energy be converted into high voltage, direct
current power for microwave transmission to rectennas on earth. A Rankine

thermo-mechanical conversion system has the potential to provide suitable power
at high efficiency ( ~30%).

Certain missions such as near sun orbits, disposal of hazardous nuclear material
etc. require high specific impulse thruster. Solar electric propulsion is a
candidate system. High voltage direct current power is required. A solar
Rankine power system has the potential to provide this power efficicntly. Low
power systems in the range of 1-25 KWe may also he served by this technology.

This technology should provide the following for three power ranges, namely, l-
25 KWe 100-500 KWe and the MW class.

a. Develop designs that are lightweight and reliable.
b. Demonstrate performance and life capability via ground test.
c. If warranted, demonstrate space capabrility of selected size.
P/L REQUIREMENTS BASED ON: [J PRE-A,[0 A,O B,0OJ ¢/D

6. RATIONALLK AND ANAL YSIS:

a. Many possible applications exist for this technology over a power range
from 1 KWe to more than Me.

b. Provides opportunity driven capability for meeting many mission needs.

c. Good system eirficiency will reduce area of collector size, size and weight
of structure (compared to photovoltaic) and cost of system.

4. Rankine power system must be tested in space for extended periods to
demonstrate reliability and capability.

TO BE CARRIED TO LEVEL 7
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO.
TECHNOLOGY REQUIREMENT(TITLE): _ Extra Terrestrial ~~ PAGE 20F L

_Bapkine Energy Coaversion (Solar and Nuclear)

7. TECHNOLOGY OPTIONS:

1.

System performance directly affects system size and weight. Temperature,

performance, life-trades will permit selection of optimum system. Advance-
ment of materials may alleviate weight penalties.

8. TECHNICAL PROBLEMS:

. Two phase flow in zero gravity.
Startup of two ohase flow system.

Single point failure mode (loss of working fluid)
Rzquires good pointing accuracy.

£Ew o+

Yy, POTENTIAL ALTERNATIVES:

Alternatives to the solar Rankine power system are photovoltaics, Brayton
and thermionic conversion systems. Tie Rankine system is a near competitor

to Brayton and should have higher efficiencies and lower collector areas than
photovoltaics cr thermionics.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Unperturbed technology will provide zero capability at the intermediate (100-
500 KWe) and high (> MWC) power levels.

Low Power 5
Hign Power EXPECTED UNPERTURBED LEVEL_Q_
‘1. RELATED TECHNOLOGY REQUIREMENTS:
Materials
Controls

Concentrators (mirrors)

large Structures (Radiators)
Nuclear Heat Source
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

F:i
1.

TECHNOLOGY REQUIREMENT (TITLE): _Extra Terrestrial —_

PAGE 3 OF _k

_Rankige Epergy Conversion (Solar and Nuclear)

5, Documentation

12, TECHNOLOGY REQUIREMENTS SCHEDULE: Opportunity Driven
CALENDAR YEAR
SCHEDULE ITEM 75]76177]78179|80[81]82]83]84]35{86]87|88]89]{90}91

TECHNOLOGY

1, System Studies

2. Design $—

3. Fabrication

4. Test

APPLICATION
1.

2,
3.
4.

Design (Ph. C)
Devl/Fab (Ph, D)

Operations

1:

3. USAGE SCHEDULE:

TE

CHNOLOGY NEED DATFE

T
TOTAL

NUMBER OF LAUNCEES

14 REFrLRENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REPORTED.
2, THEORY FORMULATED TO DESCR!BF PLFNOMENA,
3. ThEORY TESTED BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERIS1IC DEMONSTRATED,

E.G., MATERIAL, COMPOMENT, ETC,

COMPONFNT OR BREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN Tt LARORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTLD IN SPACE ENVIRONMENT,

NEW CAPABILITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODLEL,

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL,

LIFETIME EXTENSION OF AN OI'LRATION.AL MODEL,
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DETVINITION OF TECHNOLOGY REQUIREMENT NO.

I TECHNOLOGY REQUIREMENT (TITLE); Extra Terrestrial PAGE 1 OF _&_
Stirling Energy Conversion J‘S(ﬂar and Nuclear Heat Sources)

2. TECHNOLOGY CATEGORY: _Electric Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Development of reliable, long life,

_etfficient and icw cost stirling power systems for low powers.

. CLRRENT STATE OI' ART: No technology currently exists for Stirling

space power gystems,

HAS BEEN CARRIED TO LEVEL O

~v—

5. DESCRIPTION OF TECHNOLOGY  The Stirling energy conversion system when
combined with a linear generator has the capability of high =fficiency at low
power levels. This could reduce cost of present Radioisotope Thermoelectric
Generators used on various missions by reducing inventory of radioisotope fuel.
This technology effort should provide--

a. Design of typical systems and components at power levels of 0.2 and 20 KWe.

b. Identification of materials and other key R & T problem areas.

¢c. R & T on materials, seals, valving, quality of power output from linear
generatory lifetime, reliability.

d. Ground testing of complete systems to determine performance and lifetime
capability.

e. If warranted, demonstrate space capability of system at s«lected power
level.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,0 B,0J ¢/D

6. RATIONALE AND ANALYSIS:

a. High efficiency at low power levels may result in reduced cost power
systems.

b. Payloads which may benefit from this activity are special low power
applications such as RIG's.

¢. The high system efficiency will reduce weight and cost of low power
systems.

d. Stirling power system must be tested in space for extended periods for
user acceptability.

TO BE CARRIED TO LEVEL 7
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT(TITLE): _Extra Terrestrial PAGE 2 OF 4

Stirling Energvy Conversion (Solar and Nuclear Heat Sources)

7. TECHNOLOGY OPTIONS:

Performance (erfriciency) will directly affect size and weight of concentrator.

3. TECHNICAL PROBLEMS:

a. Seal life

Y. POTENTIAL ALTERNATIVES:
Alternatives are photovoltaic, Brayton, Rankine, thermiocnic and thermoelectric
conversion systems. Photovoltaic and thermoelectric systems suffer lower

efficiencies as well as Brayton and Rankine at very low power levels (100-200
WE).

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

No planned program presently exists.

EXPECTED UNPERTURBED LEVEL O _

11. RELATED TECHNOLOGY REQUIREMENTS:
Materials

Structures

Controls

Concentrators (mirrors)

Nuclear Heat Source
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO,

-
1. TECHNOLOGY REQUIREMENT (TITLE): __Extra Terrestrial

Stirling Energy Conversion (Solar and Nuclear Heat Sources)

PAGE 3 OF 4

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75]76{77178179]801{81]82]83]84|385]86

87

88

89

90

91

TECHNOLOGY
1. Analysis/Design

2, Fabrication

3. Test
4. Documentation — -+
5.

APPLICATION

1. Design (Ph., C)
2. Devl/Fab (Ph. D)

3. Operations

4. l
13. USAGE SCHEDULE:
T
TECHNOLOGY NEED DATE TOTAL
NUMBER OF LAUNCHES
14. REFERENCES:
LY F THE
REPEOD DO 18 BOOR
15. LEVEL OF STATE OF ART 8. COMPONENT OR BREADBOARD TESTED IN RELEVANT
A ENVIRONMENT IN THE LARORATORY.
1. BASIC PHENOMENA ORSERVED AND RE.PORTED., 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
2, THEORY FORMULATED TO DESCR!BE PIIENOMENA, 7. MODEL TESTED IN SPACE ENVIRONMENT,
3. THEORY TESTED BY PHYSICAL EXPERIMENT 8, NEW CAPANLITY DLRIVED FROM A MUCH LESSER
OR MATHEMATICAL MODEL, OPERATIONAL MODLL,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,
E.G., MATEKIAL, COMPONENT, ETC, 10, LIFETIME EXTENSION OF AN OI'LRATION \!, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE); _High-Performance PAGE 1 OF ___
Thermionic Conversion

2. TECHNOLOGY CATEGORY: Electric Power
3. OBJECTIVE/ADVANCEMENT REQUIRED:_Acquire the technology for economical,
durable, high-efficiency thermionic conversion of heat from various energy

sources to electric power for use in a wide range of applications.

t. CURRENT STATE OF ART: Thermionic Converters made of refractory metals
for in-core nuclear service develop efficiencies between 10 and 15 percent.

HAS BEEN CARRIED TO LEVEL _

3. DESCRIPTION OF TECHNOLOGY

Substantial converter-component gains are possible because out-of-core
thermionics allows material and design freedoms forbidden by in-core nucleonics.
New configurations to enhance interelectrode ionization should reduce plasma
losses by about 0.5 volt. Such arc drop reductions generally involve signifi-
cant decreases in cesium pressures and enabled several-fold increases in inter-
electrode spacings. Even with much lower cesium pressures, promising new
emitter materials with bare work functions near 2rV should yield good emission.
New collector materials should result in cesiated work functions of approxi-
mately 1GV. Overall gains of successful integration of these improved
components can affect a change of thermionic-conversion efficiencies from the
present 10-to-15 percent to over 30 percent.

P/L REQUIREMENTS BASED ON: O] PRE-A,[] A,[J B,[J ¢/D

6. RATIONALFE AND ANAL.YSIS:

a. Thermionic conversion is especially valuable for nuclear electric power
and propulsion systems because of its capability for handling large power
densities and its high temperance for reception and rejection of heat.

The nuclear electric power and propulsion systems generally range above
the 100kWe level. But thermionic converters can accept heat from any high-
temperature energy source like isotopes or concentrated solar energy.

b. DNuclear electric propulsion and power systems should enter & number of
important missions beginning in the 1990's: 1) planetary propulsion, 2)
earth-orbit propulsion, 3) nuclear-waste disposal propulsion, 4) large-
space-station power, and 5) lunar-base power.

c¢. Advanced thermionic conversion will allow higher efficiencies of lower
temperatures, more economical converters with longer lives, and small
space radiators than those for in-core thermionic and other generating
systems.

d. The technology advancement requires improved-component selection, evalua-
tion, integration and demonstration. To accomplish this, performance and
life-testing of final integrated cylindric thermionic-converter, heat-pipe
modules is desirable.

TO BE CARRIED TO LEVEL 10
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): _High-Performance PAGE 2 OF _

Thermionic Copnversjion

7. TECHNOLOGY OPTIONS:

During the present rtt stage running through late 1970's, technology,
options will be indicated.

¥. TECHNICAL PROBLEMS:

The technical problems involved in thermionic-conversion R & T, are selection,
demonstration, and integration of improved emitters, collectors, and plasma-
loss-reduction devices.

Y, POTENTIAL ALTERNATIVES:

No competive high-temperature, low-pressure static thermal-energy converter
is available.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 506-24-21

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS;

a. Materials selection and evaluation
b. Liquid-metal heat-pipe development
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO.

1.

TECHNOLOGY REQUIREMENT (TITLE):

Thermionic Conversion

High-Performance

PAGE 3 OF ____

12.

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM

75

76

7

78

79

80181]82]83]81]35

86

87

88

89

90491

TECHNOLOGY

1. Select

screen, test
conver%er components

Determine & specify
electrode processing

3. Veri 0
effigerslc%es s

extrapolate 10-year

)

* lives

APPLICATION
1. Design (Ph. C)

. Devl/Fab (Ph. D)

Operations

4, >100We missions

1

5. USAGE SCHEDULE:

TECIHNOILOGY NFED DATI.

T
TOTAL

NUMBER OF LAUNCHES

14. REFERENCES:

1

NASA, ERDA Thermionic-Conversion Program Reviews
RTOP's 506-24.21, 506-16,31

Outlook for Space

Future Payload Technology Requirements Study

5. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSFRVED AND RFPORTED,

2. THEORY FORMULATED TO DESCKIBE Plit NOMENA,
3, THFOIY TESTED BY PHYSICAL FXPERIMENT

OR MATHEMATICAL MODIL,

4. PERTINENT FUNCTION OR CHARAC TERISTIC DFMONSTRATED, 9.

F.G., MATERIAL, CONPOMENT, ETC,

8. COMPONFNT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN Tt LABORATORY.

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT.

7. MODEL TESTLD IN SPACK ENVIRONMENT.

8. NEW CAPABILITY DLRIVED FROM A MUCH LESSER
OPERATIONAL MODLL,

RELIABILITY UPGRADING OF AN OPERATIVNAL MODEL,

10, LIFETIME EXTENSION OF AN OFLRATION \!, MODLL.,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT (TITLE): Solar Dielectric PAGE 1 OF _3_

Power Conversion

2. TECHNOLOGY CATEGORY: Electric Power

)

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Copversion of solar energy to
electricity at a mass of 10 kg/iw,

4. CURRENT STATE OF ART: _50-100 kg/kw

HAS BEEN CARRIED TO LEVEL T

-

5. DESCRIPTION OF TECHNOLOGY

The use of & thin film of dielectric material with electrically conducting
cover layers is bonded to the surface of the spacecraft. The device operates
by alternate heating and cooling of the dielectric (rotating spacecraft).

P/L REQUIREMENTS BASED ON: [J PRE-A,[O A, B, ¢/D

6. RATIONALL AND ANAI YSIS:

Forecasts of the kg/we for this device range from .2.02::10'5 for the 1975-1985
period to 1.0x10°? for 2000.

The propulsion working group submitted a requirement for a flight qualified
system with appropriate power conditioning for electric propulsion loads.

TO BE CARRIED TO LEVEL 7
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
— |
1. TECHNOLOGY REQUIREMENT(TITLE): _Solar Dielectric PAGE 2 OF 3_

Power Conversion

7. TECHNOLOGY OPTIONS:

Ambient field trapping; solar photovoltaic, solar thermionic, Mass per unit

power ratios of 10-100 kg/kw or kg/we ratios of 1-Tx1072 (1975-85) or Tx10-3-.
3x10-2 (2000).

8. TECHNICAL PROBLEMS:

Requirement for alternate heating and cooling:
Suitable Dielectric materials
Bonding materials cover layer material

Y. POTENTIAL ALTERNATIVES:

Solar PV MGD
Field Trapping RTIG
Solar Thermionic MGD

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
unknown

EXPECTED UNPERTURBED LEVEL _3

11. RELATED TECHNOLOGY REQUIREMENTS:

unknown
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

oo memm———————
——— —

——— |
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1. TECHNOLOGY REQUIREMENT (TITLE): Solar Dielectric

PAGE 3 OF _3

_Power Conversion

12, TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176177{78]79]80{81

82

83]84|35/86]87]88]89]90]91

TECHNOLOGY
1, Analysis

2. Design

3. Test

4. Flight

Anal. of Acc. ——

<N

APPLICATION
1. Design (Ph. C) |

2. Devl/Fab (Ph. D)

3. Operations

4. Flight Qual. *

13. USAGE SCHEDULE:

TECHNOLOGY NFED DATL.

T
TOTAL

NUMBER OF LAUNCHES 111

14. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA ORSERVED AND REPORTED,

2. THEORY FOUMULATED TO DESCR!BE PliE NOMENA,

3. THEORY TFSTED BY PHYSICAL EXPLRIMENT
OR MATHEMATICAL MODEL,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED,
E.G., MATERIAL, COMPOMNLNT, ETC,

1. "Report of the Outlook for Space Study ' July 1975.

5. "A Forecast of Space Technology," Vol. IL., July 1975.

COMPONFNT OR RREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN Ti{L LARORATORY.

MODEL TESTED IN AIRCRAFT ENVIRONMENT,

MODEL TESTLD IN SPACE ENVIRONMENT.

NEW CAPANMLITY DLRIVED FRUM A MUCH LESSER
OPERATIOMNAL MODLEL.

RELIARILITY UPGRADING OF AN OPERATIONAL MODEL,

LIFETIME EXTENSION OF AN O} LRATION \!. MODLL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): _Nuclear Thermoelectric PAGE 1 OF _3_
Power Systems

2. TECHNOLOGY CATEGORY: __Electric Power

o

3. OBJECTIVE/ADVANCEMENT REQUIRED: _Increase the efficiency by a factor
of two (up to 14%), increased life, pcssible use as an alternstive to RIGs
at power levels of 500-2500 We.

———

. CURRENT STATE OF ART: = ts with efficiencies
up to 5%.

HAS BEEN CARRIED TO LEVEL T_

5. DESCRIPTION OF TECHNOLOGY

Thermoelectric conversion, because of the present low efficiency (5%) is

limited to relatively low power (100-1500We) applications which are required
for very long periods of time (RTGs). The most pressing needs are (1) to
determine the interference problems with scientific instruments when the RTG

is integrated into the spacecraft; (2) to perform theoretical and experimental
studies to determine the potential capability of this system; (3) to identify
candidate thermoelectric materials which should be developed by ERDA for appli-
cation to NASA missions and (4) identify new thermoelectric conversion materials
which can significantly improve RTG performance.

P/L REQUIREMENTS BASED ON: [J PRE-A, [0 A,B B,[0J ¢/D

6. RATIONALIL AND ANALYSIS:

RTGs are an established, space tested (model), power source for mars lander

and outer planet missions. Long range planning documents indicate a continuing
need for RTGs. A review of the 1973 mission Model indicates at least 15 flight
isotope power systems of varying performance and power levels are needed
through the 1980's.

The high cost of using actual RTGs in instrument and other integration studies
clearly indicates the need for a program which will characterize the RTu and
produce simulators which may be "nsed in screening, development and integration
testing. Both Pu-238 and Cm-244 tuels should be asswned. A future generation
of thermoelectric conversion systems for use in space will require reactor
power sources. Work should be undertaken to characterize conversion materials
and devices to be used with reactors.

TO BE CARRIED TO LEVEL l
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

E. TECHNOLOGY REQUIREMENT(TITLE): Nuclear Thermoelectric PAGE 2 OF 3
Power Systems

7. TECHNOLOGY OPTIONS:

The present tellurides are suitable for hot Jjunction temperatures of 800-950°K

and produce efficiencies of 4.5-6%.
The Si-Ge units operate from 1150 to 1250°K and produce efficiencies of 4-6%.

8. TECHNICAL PROBLEMS:

Degradation of high performance selenide materials.
Shielding requirements for Cm-2uk.

Y, POTENTIAL ALTERNATIVES:

Use of dynamic conversion cycles or thermionics.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

RTOP 506-2L4-U41 Nuclear Thermoelectric Systems Technology
Plasma Core Reactor Research

EXPECTED UNPERTURBED LEVEL 5

11. RELATED TECHNOLOGY REQUIREMENTS:

RODUCIBILITY OF THE
gt?mmzm PAGE IS POOR
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E DEFINITION OF TECHNOLOGY REQUIREMENT NO. J

1. TECHNOLOGY REQUIREMENT (TITLE): Nuclear Thermoelectric PAGE 3 OF _3_

Power Systems

12, TECHNOLOGY REQUIREMENTS SCHEDUL.E:
CALENDAR YEAR
6177178179]180(81]82}83]|81]35]|86]87|85]89]90]91

SCHEDULE ITEM

TECHNOLOGY
1. Analysis/Design

-~
191

2. TFabrication

3. Ground Test

4. Flight Design/Fab.

5. Space Demonstration *
APPLICATION
1. Design (Ph, ()
2. Devl/Fab (Ph. D)
3. Operations
1.
13. USACE SCHEDUIL.E:
TECHNO;.OGY NEED DATL. * TOTAL

NUMBER OF LAUNCHES

14. REFERENCES;
Input data Pkg. to Power Working Group "Outlook for Space Reference Volume"

A Forecast of Space Technology
RTAC Aa Hoc Working Group Report T May, 1975.

15. LEVEL OF STATE OF ART 8. COMMONFNT OR AREADBOARD TESTLD IX RELLVANT

) . ENVIRONMENT IN Tit. LARORATORY,

1. PASIC PHENOAENA OISERVED AND RFPORTED, . MODEL TESTED IN AIRCRAFT F NVIRONME NT

2. THEORY FORMULATED 10 DESCEIBE PIENOMENA., 7. MODEL TESTLD i\ SPACF ENVIRONMENT,

3. THRORY TESTED BY PINSICAL | XPERIMENT 8. NEW CAPARILITY DLRIVED FROM A MUCH LESSER
O MATHEMATICAL MODE L., OPERA . :OMAL MODLL

. m'rk:-l"\)sr PNCTION O CHAIACTERISTIC DF MONSTRATED, 9. RELIANILITY UPGRADING OF S, UPERA I10OSAL MODLL,
LG, MATRILAL, COVPOSE AT, B1C, 10. LIFETIME LXTENSION OF AN O} 1 KATION \1, MO} L.,
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I. Energy Sources and Conversion
C. Chemical Conversion Systems

Two technology requirements are proposed for Chemical Conversion Systems.
They are:

1. Dielectric Film Stack Cryogenic Tank Insulation

2. Fuel Cell Technology Advancement

Improved insulation systems are required for future missions where
cryogens must be stored for long periods of time. The use of radiation
shields which selectively reflect certain wavelengths of heat energy poten-
tially offer an order of magnitude reduction in heatv lesk to spacecraft
cryogenic tankage.

A large photovoltaic space station power system will require a .arge
energy storage system to provide dark side power. A regenerative fuel cell
system consisting of a fuel cell in conjunction with an electrolysis cell
offers significant weight savings relative to conventional secondary battery
systems. A development program to match fuel cells with electrolysis cells
having 5000 hour life 1s required.

Other fuel cell technology advancements include develiuvpment of cheap,
steble catalysts, ion-exchange membrane fuel cells which offer lite, welght
and cost advantages and "Nafion" hollow fiber fuel cells which offer size
and weight reductions.

All chemical conversion teclhnclogy 1is considered as opportunity driven.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT (TITLE): Dielectric Film Stack = PAGE 1 OF _3_
Cryogenic Tank Insulation

2. TECHNOLOGY CATEGORY: __EJeetric Power

3. OBJECTIVE/ADVANCEMENT REQUIRED:_BRedyce recent theory to practice by

over the 1-100 micrometer spectral range.
.

CURRENT STATE OF ART: ~Lurrent. heat leaks 10 stored cryogens range from
.03 to .5 BIU/HR F'I‘2 of surface area.

. HAS BEEN CARRIED TO LEVEL __

———

2. DESCRIPTION O TECHNOLOGY

Low boil-off containers for crycgenic fluids are vacuum jacketed dewars.
Attention is given to minimizing heat paths across supports and radiastion
through the vacuum jacket. Multiple layers of flexible metalized films (Au,
Ag, or AL) are used in the annulus for tha purpose as are powders and glass
beads or micro spheres.

P/L REQUIREMENTS BASED ON: ] PRE-A,[] A,J B,[JQ ¢/D

6. RATIONALE AND ANA; /SIS,

Mission durations of 6 months to several years are desirable in earth orbit and
are required for deep space exploration. Vastly improved cryogenic insulation
will greatly reduce boil-off. For example a 225 ft. vessel would on a one year
mission, boil-off 50 to 7O lbs of with a spectral film stack insulation,
whereas a conventional cawar would beil-off 500-700 lbs. Based on shuttle

costing rationale ($50k/1b) a 600 lb saving represents approximately $30m.
This technology can be used on the tug.

TO BE CARRIED TO LEVEL
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

|, TECHNOLOGY REQUIREMENT(TITLE): _Dielectric Film Stack PAGE 2 OF 3_

Cryogenic Tank Insulation (Elec. Power )

7. TECHNOLOGY OPTIONS:

Develops in-flight refrigeraticn or liquifaction systems which would be heavy
and expensive.

%. TECHNICAL PROBLEMS:

A rilm stack design is needed which will provide a high reflectance over a
wider band of the spectrum than is now available. Also a MFG problem of
thickness control on % ft. wide rolls needs to be solved.

4, POTENTIAL ALTERNATIVES:

Continue to try to improve existing insulation schemes; however, the potential
is limited.

0. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

. TECHNOLOGY REQUIREMENT (TITLE): Dielectric Film Stack

Cryogenic Tank Insulation

PAGE 3 OF _3

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 701767

-1

78179180

[ 1]

81

82

83]84]85]86]87188]89]90]91

TECHNOLOGY
1. Analysis

9, DES, FAB & Test 2-10
layer samples

3. FAB & Test 20-40
layer samples

1. Design (Ph, C)
2. Devl/Fab (Ph. D)
3. Operations

4.

4. Qualify ~4 A
5'
APPLICATION

1. USAGE SCHEDULE:

TECHNOILOGY NEED DATI.

T
TOTAL

NUMBER OF LAUNCHES

i4. REFERENCES:

15. LEVEL OF STATE OF ART

1. BASIC PHEROMENA ORSERVLED AND RFIORTED,
2. THEORY FORMULATED TO DESCRIBE PHINOMENA,
3. TAEORY TESTID BY PHYSICAL EXPERIMENT

OR MATHEMATICAL MODLI,,

E.G., MATERLAL, COMNPOMENT, P10,

4. PERTINENT FUNCTION OR CHARAC TERISTIC DFMONSTRATED,

COMPONFNT OR RREADBOARD TESTED IN RE

ENVIRONMENT IN TiE LABORATORY,
MODEL TESTED IN AIRCRAFT ENVIRONMENT
MODEL TESTLD iN SPACF EXVIRONMENT.

NEW CAPABILITY DLRIVED FROM A MUCH LESSER

OPERATIONAL MODLL.

RELIARILITY UPGRADING OF AN OPERATIONAL MODLL,
LIFETIME EXTENSION OF AN OI'LRATION \!, MODEL,

LEVANT
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.
f — =
I TECHNOI OGY REQUIREMENT (TITLE): Advanced fuel Cell PAGE 1 OF 3_
Technology

2. TECHNOLOGY CATEGORY: Electric Power
3. OBJECTIVE/ADVANCEMENT REQUIRED:__investigate several possible

advancements in fuel cell technology to increase effjciency, life, and

decrease cost.

Lo CURRENT STATE 9F ART: Current fuel cells have expensive and short lived
catalysts. They require technology advancements to extend lije apd decrease
welght. HAS BEEN CARRIED TO LEVEL __

S, DESCRIPTION O TECHNOLOGY

1. Today's fuel cells use noble metal catalysts for acceptable system opera-
tion. In order to attain long lifetimes the system temperature must be
kept low (300°F). New catalysts must be found which are inexpensive and
stable over long operating lifetimes.

2. Iuel cells are being developea for Shuttle. Electrolysis units are being
developed for 1life support systems. These concepts need to be combined in
a regenerative fuel cell system program.

3. New concepts for fuel cells which offer potential advantages in performance,
lif'e and weight have been brought to various stages of R & D. Further
development is required.

L. The ion-exchange membrane concept developed by GE has shown by test that
pertormance is invariant over 35,000 hours of operation. The potential
exists for a 100,000 hour system.

P/ REQUIREMENTS BASED ON: [J PRE-A,[J A,[0J B,00 ¢/D
6 RATIONALE AND ANALYSIS:

l. Significant cost savings can be realized in fuel cell systems if a
cheap stable catalyst can be found for low temperature fuel cells.

2. For advanced applications such as solar arrays on space stations re
large rower storage is required ror the dark side operation, a rex. ar-
ative fuel cell offers an attractive weight advantage over secondary
batteries.

3+ Where requirements may dictate an extremely long life fuel cell, no
degradation, and one v’ ich is capable of usine propulsion grade reactants
the ion-exchange membrane (IEM) concept is very attractive.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOGY REQUIREMENT(TITLE): Advanced Fyel Celis PAGE 2 OF 3_
Technology

7. TECHNOLOGY OPTIONS:

The options which exist today are confined to hydrogen/oxygen fuel cells for
space applications.

8. TECHNICAL PROBLEMS:

1. Noble metal catalysts are too costly and tend to be poisoned easily.

2. work in system optimization needs to be done in regenerative fuel cell
systems.

3. Further research in new concepts such as the hollow fibre fuel cell should

be directed toward lowering IR losses, and finding ways to control tempera-
Ture.

L, The IEM concept needs system optimization.

Y. POTENTIAL ALTERNATIVES:

None.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

1. A low level effort is underway to develop single cells anrd small stacks
of the IEM Concept.

2. The hollow fibre coneept has been investigated in the laborrwory at JPL.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:
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I.

Energy Sources and Conversion
A. Ambient Field Trapping

No experiments were identified.
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ILI. Power Processing, Distribution, Conversion and Transmission

A series of technology advancements are required in the power processing,
distribution, conversion and transmission area to support future mission re-
quirements. While an exact set of missions cannot be delineated which require
the technology requirements described herein, there exists a general class of
high energy, high voltage, long life missions that would benefit immeasureably
from these technology advances. In fact, several missions included in this
classification would not be feasible with existing technology, or that forecast
for availability within the required time periods without a significant effort
by NASA.

A high voltage (1O0V-15KV) distribtion system will be required for
sat21lites employing advanced communication travelling wave tubes and ion
propulsion. If a reliable high voltage distribution 1s not available, severe
weight, power loss and thermal dissipation penalties must be paid where
present low voltage distribution systems are employed. A series of suggested
technology requirements are outlined to permit development of & high voltage/
power system. Further advancements will be required for the SSPS, space
station and colonization class of power systems (gigawatt power processing
and distribution systems) with corresponding increases in reliable operational
lifetime (up to 10 years).

Development of the SSPS system will result in the requirement for a
highly efficient/reliable means of satellite-to-ground transmission and re-
conversion system. For laser energy transmission to become attractive for
SSPS-type application, substantial improvements in on-the-ground reconversion
efficiency must be accomplished. A suggested program for development of a
highly efficient GaAs Schottky Barrier Diode laser energy photovoltaic con-
verter is discussed. Microwave transmission of energy remains a potentially

viable alternative, although no specific programs are outlined.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,

1. TECHNOLOGY REQUIREMENT (TITLE): _Power ocess PAGE 1 OF 3
Distribution Systems for Gigawatt Class Power Systems
2. TECHNOLOGY CATEGORY: _Electric Power

3
[ %

OBJECTIVE/ADVANCEMENT REQUIRED:_Advance the technology to permit
£ awatt class power system.

i. CURRENT STATE OF ART: Most power systems currently being flown are in the
few hundred watt class. Up to 50kw systems are in early development phases and
are being discussed for NEP. HAS BEEN CARRIED TO LEVEL

5. DESCRIPTION O TECHNOLOGY

An ultra large class of power systems will be required for SSPS, space station,
or colonization attempts now under discussion. The technology to provide per-
haps 5 gigawatts of processing and distribution must be approached through
various plateaus of power levels; 5 kw is in hand, 50 kw and 500 kw are proposed
technology. Intermediate steps between 500 kw and 5 gigawatts must be reached.

A variety of power sources must be accomodated as well as several types of

loads. The need for 30 year life times and the resultant testing and confidence
building programs place a significantly different emphasis on the technology.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J 4,030 B, ¢/D

6. RATIONALLF AND ANAIL YSIS;

a. OSPS scgudies have identified needs in the gigawatt class.

b. SSPS, space statian, colonization would all benefit from this technology
advancement.

¢. These advancements in power processing and distribution are mandatory to
the accomplishment of the above stated missions.

d. This technology must eventually grow to flight status if the gigawatt-class
power systems are to become reality.

'Y OF THB
\ RUDUCIBUJnY OF
Sgemm. PAGE I3 POOR

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

m——— et ——

—— e —

1. TECHNOILOGY REQUIREMENT(TITLE): _poyer Processing and PAGE 2 OF &
Distribution Systems for Gigawatt Class Power Systems

7. TECHNOLOGY OPTIONS:

Options and possible approaches must be ldentified and an approach structured.
The options are systematic, that is, they must interrelate with the source
(solar, nuclear or other), the load, transportation and assembly techniques,
maintenance requirements and accessability.

8. TECHNICAL PROBLEMS:

Concept, approach, source and load definition, materials, long life testing
techniques, weight, efficiency, thermal control.

Y. POTENTIAL ALTERNATIVES:

None if the proposed uses are to materialize.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Existing work on RTOP 506-23-3 is barely embryonic.

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS;

Many
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| DEFINITION OF TECHNOLOGY REQUIREMENT NO,
1. TECHNOLOGY REQUIREMENT (TITLE): _Power Processing and =~ PAGE 3 OF _3
on S ms for watt Class lfower Systems

12. TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDUIL.E ITEM 75176 177]178]79]80181[82{83|84|35]|86]|87]88]|89]90]91
TECHNOLOGY
10
3 L]
4,
50
APPLICATION
1. Design (Ph, C)
2. Devl/Fab (Ph. D)
3. Operations
4,
i, USAGE SCHEDUILE:
R
TECHNOL.OGY NFED DATL. TOTAL
NUMBER OF LAUNCHES
14. REFERENCES:
15, LEVEL OF STATE OF ART 8. COMPONFNT OR AREADBOARD TESTED IN RELEVANT
ENVIRONMENT IN THE LARORATORY,
1. BASIC PHENOMENA ORSERVED AND RFPORTED. 8. MODEL TESTED IN AIRCRAFT ENVIRONMENT,
2, THEORY FOUMULATED TO DESCR!BE Pt NOMENA. 7. MODEL TESTED IN SPACE ENVIRONMENT,
3. THEG..Y TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPANILITY DLRIVED FRONM A MUCH LESSER
OR MATHEMATICAL MODLL., OPERATIONAL MODLL,
4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIARILITY UPGRADING OF AN OPERATIONAL MODLL,
E.G., MATERIAL, CONPOMENT, E1C, 10. LIFETIME EXTENSION OF AN OFLRATION \!. MOD} L.,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,
1. TECHNOLOGY REQUIREMENT (TITLE): _Higher Bus Voltage PAGE 1 OF 3 _
Power Processor apnd Distribution System Technology

2. TECHNOLOGY CATEGORY: Electzic Power

)

3. OBJECTIVE/ADVANCEMENT REQUIRED:_Develop the technology to permit use

general purpose space missions.

. CURRENT STATE OF ART: _28 VDC/11QVAC are routinely used on spacecra’t;
76VDC is being used on CTS.

HAS BEEN CARRIED TO LEVEL _

5. DESCRIPTION OF TECHNOLOGY

A suitable busline voltage in excess of 100VDC, and perhaps an AC voltage higher
than 110, should be established. The various technologies should be pursued
and demonstrated to permit use of these increassed line voltages. Specifically
intended are:
--Power processors, complete with controls, regulation, etc., at increascd
power levels
--Distribution systems, including remotely controlled switches, sensors,
conductors, substations, connectors
--Long life, high efficiency, low weight and low cost goals
--Systems consideration, EMI, noise, compatability.

F/1L. REQUIREMENTS BASED ON: [J PRE-A,[J A,0J B,[J C/D

6. RATIONALL AND ANALYSIS: '

a. At power levels above several hundred watts the copper weights, power
losses and thermal dissipations impose increasing penalties. These
penalties can be significantly reduced at higher (greater than 100 VDC)
voltages instead of the traditional 28 VDC.

b. Shuttle could have benefited significantly by using a higher bus voltage;
any future payload or vehicle requiring grester than several hundred watts
can achieve a savings.

c. Improvements can be significant in weight reductions, electrical
efficiencies, and thermal losses.

d. Ground based tests are suitable for all aspects of technology development.
A space demonstration flight may be necessary for user confidence.

TO BE CARRIED TO LEVEL T
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

— — ;ﬂ
1. TECHNOLOGY REQUIREMENT(TITLE): _Higher Bugs Voltage PAGE 2 OF 3_
Power Processor and Distribution System Technology

7. TECHNOLOGY OPTIONS:

Current low voltage bus systems can continue to be used for some time with the
attendant penalties. However, at some power levels these penalties can become
prohibitive.

8. TECHNICAL PROBLEMS:

High voltage, high power switching devices and distribution components, long
life time materials at elevated voltages, placsma current interactions.

Y. POTENTIAL ALTERNATIVES:

None.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMEN {:

RTOP 506-23-3 currently applies

EXPECTED UNPERTURBED LEVEL __
11. RELATED TECHNOLOGY REQUIREMENTS:
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‘ DEVFINITION OF TECHNOLOGY REQUIREMENT NO.
1. TECHNOLOGY REQUIREMENT (TITLE): _Higher Bus Voltage PAGE 3 OF _3

Power Processor and Distribution System Technology

12

TECHNOLOGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM 75176 77) 78] 79] 80|81 |82} 83]81]35]86]87]85189]90]91
TECHNOLOGY
1. Analysis --oA---
2, Design ===F
3.
1.
5'
o
APPLICATION
1. Design (Ph. )
2., Devl/rab (Ph. D)
3. Operations
1,
1. USAGE SCHEDULE:
1
TECHNOLOGY NEED DATL, TOTAL
NUMBER OF LAUNCHES
11. REFERENCES:
15, LEVEL OF STATE OF ART 8. COMNONFNT OR RREADBOARD [ESTED IN RELEVANT
ENVIRONMENT IN Titt LABORATORY,
1. PASIC FHESOMENA OBSERVED AND RFPORTED, 6. MODEL TESTED IN AIRCRAFT FNVIRONMENT,
2, THEORY FOIMULATED TO DESCRIBE PUENOMENA, 7. MODEL TESTLD N SPACE ENVIRORMEST.
A, THROIY TESIED Y PIASICAL FADPERIMBNT 8. NLW CAPANILITY DLRIVED FROM A MUCH LLSSER
OR MATHEMA IO Lol L. OPERATIONAL MODLL,
A PERIINE ST FUNCIN ORCHARACTE RISTIC DY MONSTRATED, 9. RELIARILITY UPGRADING OF AN OPLRA [10NAL MODLEL,
B MATERLAL, coVvPOMES L, E L 10. LIFETIME EXTENSION OF AN OFL RATION o1 MODE L.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,
1. TECHNOLOGY REQUIREMENT (TITLE): _laser Energy PAGE 1 OF 3_

Photovoltaic Converter

24

2. TECHNOLOGY CATEGORY: _Electric Power

OBJECTIVE/ADVANCEMENT REQUIRED: _laser Euergy Photovoltaic Converter
with 80% efficiency.

¥
.

t. CURRENT STATE OF ART: _Silicon Jaser Fnergy Converters are at least 15%

efficient.
_ HAS BEEN CARRIED To LEVELL

3. DESCRIPTION OF TECHNOLOGY

Match the energy band-gap of GaAs -xPx Schottky Barrier i1iodes tu the photon
energy of the laser to obtain maximum efficiencics. Preliminary efforts have
resulted in efficiencies up to 30%.

P/L REQUIREMENTS BASED ON: [J PRE-A,(OJ A,0 B,0J ¢/D
6. RATIONALF AND ANALYSIS:

a. High efficiency p-.>r . .. mission and conversion must be obtained if the
SEPS "s ever to bu 1¢..iuse.

b. SSPS

c¢. Higher efficiency, lower cost, smaller size of SSPS.

d. Level 5.

THE
pRODUCIBILITY OF
ORIOINAL PAGE 1 POOR

TO BE CARKIED TO LEVELY
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT(TITLE): __laser Energy PAGE 2 OF 3

Photovoltaic Converter

7. TECHNOLOGY OPTIONS:

Cecreased Laser Conversion Efficiency with increased cost and size of SSPS.

8. TECHNICAL PROBLEMS:

a. Increasing cpen circuit voltags of diode.
b. Possible materia. problems (contacts, A/R coating, etc.) for high
energy density operation.

9. POTENTIAL ALTERNATIVES:

Microwave transmissic.a and detector.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:
RTOP 506-25-52

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:
High efficiency Galap 'AMOS" solar cell.




i B

DETVINITION OF TECHNOLOGY REQUIREMENT NO.

1. TECHNOLOSGY REQUIREMENT (TITLE): _laser Energy

PAGE 3 OF 3

Photovoltaic Copverter

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM v

7617

=)

78179180

(]

81

82

83184}30]86]87]88]89]90]91

TECHNOLOGY

APPLITATION
1. Design (Ph, ()

Devl/Fab (Ph. D)

o

3. Operations

4.

15.

USAGE SCHEDULE:

TECH

NOLOGY NIED DATI.

T
TOTAL

NUM

BER OF LLAUNCHES

14,

REFERENCE*:

"Photo-Voltaic Conversion of laser Energy," by R. J. Stirn, in Proceedings of
vecond laser Energy Conversion Conference, at NASA-Amer. Recearch Center,

January. 1975.

15,

1.
2,
3.

LEVEL OF STATE OF ART

BASIC PHENOMENA ORSERVED AND REPORTED.,
THEORL FORMUTATED TO DESCRIBE PHI NOMENA,
THEORY TESTED BY PHYSU AL FXPERIMENT

OR MATHEMATICAL MOL. 1,

F.G., MATERIAL, CONMPOMENT, ETC,

PERTINENT 1 UNCTION OR CHARACTE RISTIC DEMONSTRATED,

COMPONFNT OR AREADBOARD TESTLD IN RELLVANT
ENVIRONMFNT IN Tt LABORATORY,

MODEL TESTFD IN AIRCRAFT ENVIRONMENT.

MODEL TESTLD {N SPACE ENVIRONMENT,

NEW CAPANILITY DI RIVED FROM A MUCH LESSER
OPERATIONAL MODLL,

RELIARILITY UPGRADINC Ut AN OPERATIONAL MODLRL,

LIFETIME EXTENSION OF AN OI'LRATION \1, MODEL,
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.,

m
1 TECHNOLOGY REQUIREMENT (TI!TLE): Ultra High Power PAGE 1 OF 2__
Energy Conversion and Transmission System Technology

24

2. TECHNOLOGY CATEGORY:  Electric Power

o
),

OBJECTIVE/ADVANCEMENT REQUIRED:_Provide the technology to permit

conversion, transmission, reception and reconversion from space to planet of
power levels in the g¢igr att class.

b. CURRENT STATE OF ART: Microwave transmission of a fey hundred watts pear
50% efficiency is being accomplished on CTS; laser transmissions of 1%

efficiency for 1000 km distances can be
sccomplished 1S HAS BEEN CARRIED TO LEVEL __

5. DESCRIPTION OF TECHNOLOGY

Radical advances in efficiences and power levels must be achieved in the areas
of conversion, transmission, reception and reconversion of gigawatt class
power levels. Both laser and microwave approaches have been proposed and are
in various stage of technology. An aggresive and well organized technology
attack should be conducted to exploit the potential of these two approaches.

P/L REQUIREMENTS BASED ON: [J PRE-A,[J A,(OJ B, ¢'D

6 RATIONALTF AND ANALYSIS:

a. The gigawatt class of power levels has been identified by SSPS conceptual
studies.

b. Colonization attempts could be solely dependent upon this technology, as
is SSPS.

TO BE CARRIED TO LEVEL __
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1 TECHNOLOGY REQUIREMENT(TITLE): _Ultre High Power PAGE 2 OF 2_
Energy Conversion ard Transmission System Technology

A ke B

7. TECHNOLOGY OPTIONS:

Microwaves and lasers both offer potential advantages and each has its own
disadvantages. Both need continued exploitation and development (perhaps
also research) to fully evaluate their ultimate capabilities and limitations.

8. TECHNICAL PROBLEMS:

Numerous.

Yy, POTENTIAL ALTERNATIVES:

1. Do not strive for SSPS capability.
2. Consider other schemes for powering a space colony.

3. Identify and exploit alternate transmission concepts.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

EXPECTED UNPERTURBED LEVEL __

11. RELATED TECHNOLOGY REQUIREMENTS:
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III. Storage

Past Phase "B" studies of the 8 to 10-man space station have indicatad
a requirement for a high capacity NiCd battery system of approximately 100
amp. hrs. The requirements for development are determined by the Technology
Requirement Form. An alternate battery approach to solving this problem is
the use of a metal-gas battery system. There is a proposal for thz development
for a smaller battery of this type in The Mission Driver Section of this re-
port. The technology defined under that proposal will also apply to this
application.

Anothe ~nergy storage system with potential for high energy density is
the use of flywheels for mechanical storage. This will be particularly true
if the development programs for high strength fiber composites and new concepts
in fabrication of these devices are successful. Details of this technology
proposal are available from the Technology Development Form.

The Regenerative Fuel Cell is also considered an improvement over
batteries for electrical energy storage for high energy systems. A proposed
technical program for that system is included under Chemical Conversion in

this report and the same technology will apply fror this application.
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

TECHNOLOGY REQUIREMENT (TITLE): _large Ni-Cd Batteries PAGE 1 OF 4
for Space Station Application

4

133
).

TECHNOLOGY CATEGORY: Electric Power  (17)

OBJECTIVE/ADVANCEMENT REQUIRED: _Development and demonstration of
high capacity, long life NiCd battery systems.

L.

CURRENT STATr, OFF ART: _Smaller NiCd batteries have been extensively
used in spacecraft.

HAS BEEN CARRIED TO LEVEL 5

-t

DESCRIPTION OF TECHNOLOGY

Past studies of the 8 to 10 man space stations indicated a requirement for
a 100 Amplir. NiCd battery system. Prototype cells have been built a4
preliminary thermal packaging concepts have been analyzed. There are several|
factors that presently limit the operational capabilities of NiCd. batteries
and therefore affect the supporting subsystems. These limitations include
capacity degradation at useable voltage levels, operating temperatures,
charge and discharge rates, and depths of discharge. These operating limits
will be more restrictive in large cell appiication.

Improved technology is required to support the requirements of long life,
maintainability, etc.

P/1. REQUIREMFNTS BASED ON: [J PRE-A,[J A, B,0 ¢/D

8

RATIONALF AND ANALYSIS:

a. Past Phase B studies on the initial space station resulted in a
recommendation for a solar array source with a NiCd battery for
energy storage.

b. The space station requires higher performance and longer iife than
previously demonstrated by NiCd batteries in addition to moduie
maintainability.

¢. The high capacity batteries should demonstrate a capabllity to pro-
vide a two year life time while operation at an acceptable of per-
formance by laboratory test progrem.

TO BE CARRIED TO LEVEL 8
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DEFINITION OF TECHNOLOGY REQUIREMENT 110,

1.

TECHNOLOGY REQUIREMENT(TITLE): _Large NiCd Batteries PAGE 2 OF 4
for Space Station Application

P

{.

TECHNOLOGY OPTIONS:

Probably the characteristic of NiCd batteries that has the biggest impact on
operational performance is the degradation of the useable capacity. This is
particularly true for operation above 20°c. Obviously one approach to mini-
mize this effect is to maintain the batteries at a lower temperature (10°C).
This obviously impacts the vehicle thermal control system. Another option

is to provide on-board reconditioning capability. Same improvement in
materials .nd manufacturing of electrodes, separators and electrolyte will
also improve capabilities. In all probability, all options open for improve-
ment of NiCd battery operaticns will be required to support the space station
requirements.

TECHNICAL PROBLEMS:

Techniques for maintaining lower temperatures and inflight reconditioning
are known but must be developed. The changes in electrode characteristics
during cycling is not completely understood. The first step in improving
this operation is to acquire an understanding of this basic problem. This
will probably require an extensive test program.

Y.

POTENTIAL ALTERNATIVES:

Other methods of providing the required energy storage system include the
development of a regenerative or secondary fuel cell system or metal-gas
electrode battery systems.

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

There are no other programs requiring the large NiCd cell however any im-
provement in basic NiCd battery technology will bene 't this requiremenst.

EXPECT.D UNPERTURBED LEVEL 5

11.

RELATED TECHNOLOGY REQUIREMENTS:
Thermal Control System will be impacted but no technology problem anticipated d
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DEFINITION OF TECHNOLOGY REQUIREMENT

NO,

#::

for Space Station Application

1. TECHNOLOGY REQUIREMENT (TITLE):

large NiCd Batteries

PAGE 3 OF _4

12, TECHNO'OGY REQUIREMENTS SCHEDULE:

CALENDAR YEAR

SCHEDULE ITEM*

78

79

BO[81[{82183184]35]86]87

88

90

91

TECHNOLOGY
1. Electrode & separate
* or evaluation Testing
Cell component
analysis
3 Battery packaging
“* and thermal control

4, In-flight recondi-
tions evaluation and
5 development

i
.

*Schedule start will de

eI

e ffunding arnd futdre

nni

1 o
=]

APPLICATION
1. Design (Ph, ()

2, Devl/Fab (Ph. D)
3., Operations

1.

15, USAGE SCHEDULE:

Opportunity Driven

TECHNOLOGY NEED DATI.

|

T
TOTAL

NUMBER OF LLAUNCHES

11, REFERENCES:

OR MATHEMATICAL MODEL,

F.G.,

Funding: CY To $250k
77 150
78 150
79 100
80 50

15. LEVEL OF STATE OF ART

1. BASIC PHENOMENA OBRSERVED AND RFPORTLD,
2, THEORY FORMULATL D TO DESCRIBE PHEAOMENA,
3. THEOGRY TESIED BY PHYSICAL | XDPERIMENT

4. PERIINENY FUNCTION OR CHARACTERISTIC DFMONSTRATED, 9.
MATE RINL, COVPONENT, P10,

REPRODUCIBILITY OF THF

PRISINAL PAGE i,

$. COMPONFNT Oit HREADBOARD TESTED IN RELEVANT

ENVIRONMFNT IN THE LABORATORY,

6. MODEL TESTED IN AIRCRAEFT E NVIRONMENT,
7. MODEL TEST! D iN SPACF ENVIRONMENT,
8. NEW CAPANILITY DI RIVED FRONL A M'UCH LESSER

OPERATIONAL, MODLL.

1975 NASA QAST Summer Workshop Overview Report - Developing Space Occupancy:
Perspectives on NASA Future Space Program Planning.

RELIARILITY UPGRADING OF AN OPERA [T NAL MODEL,
10. LIFETIME EXTENSION OF AN OI LRATION AT, MODEHL,

182
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,

1. TECHNOLOGY REQUIREMENT (TITLE): Use_of Flywheels for PAGE 1 OF _3_
Mechanical Storage of Energy

2, TECHNOLOGY CATEGORY: Electric _ Power

)

3. OBJECTIVE/ADVANCEMENT REQUIRED;_Flywheels promise a high ratio of
energzﬁstored per uiit mass.

t. CURRENT STATE OF ART: Various materials and designs for the flywhe¢l have

been evaluated. Some demonstrations performed.

HAS BEEN CARRIED TO LEVEL }

5. DESCRIPTION OF TECHNOLOGY

The use of flywheels for energy storage has been considered for space applica-
tions because of their potential superiority over chemical batteries in terms
of energy stored per unit mass. Upon the development of high-strength fiber
composites and implementation of new concepts in fabrication these devices can
become effective elements for long-term energy ctorage.

Assuming the use of magnetic bearings and electro-mechanical energy storage
coupling techniques, lifetimes of 30 vcars or more should be achieveable. The
availability of the vacuum environment permits long standby life and very small
required auxiliary equipment macs. No significant work has been done on the
integration of the complex flywheel system which will probably require as much
effort as the technology of the flywheel itself.

P/L REQUIREMENTS BASED ON: [J PRE-A,[(J A,0 B.B& ¢/D

6. RATIONALLF AND ANAL.YSIS:

Widely variable rates of power can be utilized, both in charging and dis-
charginig, with essentially constant (and high) efficiency; providing the
transmission or electrical controls are developed.

Flywheel materials which have been studied in recent years include high
strength steels, titanium and fiber composites. Beacuse of the high strength
of fibers flywheels with very high energy storage per unit mass are possible.
For example the theoretical limit for fused silica fibers is 870 W-H/kg compared
to 4BW-H/kg for a ferrous metal base flywheel. Design values for stress for
composite flywheels are lacking, the evolution of new fabrication techniques,
the overall system integration analysis, and the development of suitable

bearings, seals, transmissions, and electrical controls are driving the tech-
nology.

The propulsion group has recommended an evaluation of flywheels for use with
electric propulsion systems.

TO BE CARRIED TO LEVEL 7_
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DEFINITION OF TECHNOLOGY REQUIREMENT NO.

——]
1. TECHNOLOGY REQUIREMENT(TITLE): _Use of Flywheels for PAGE 2 OF 3
Mechanicael Storage of Energy
Flywheels 1-1.5x10°0 1-hxiot
Superconductors 2-6x10-2 2- 3x102
Primary Batteries 2x10-6_1x10°7 1-5%10°
Secondary Batteries 3-8)(10‘6 1-4x103
Stable Chemicals l-8x10'8 Ux10t-2x10°

8. TECHNICAL PROBLEMS:

Containment housings for fallures--minimized for composites due to high
fracture energy.

Vacuum bearings thansmission.

Uncertainties in design stress values.

Y, POTENTIAL ALTERNATIVES:
Batteries

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT:

Low level, research efforts on camposite fiber flywheels

RTOP 909-TL-35 IaRC
506-19-13 LaRC

EXPECTED UNPERTURBED LEVEL 5

11. RELATED TECHNOLOGY REQUIREMENTS:
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. #
==

1. TECHNDLOGY REQUIREMENT (TITLE): _Use of Flywheels PAGE 3 OF _3 _
for Mechanical Storage of Energy

12, TECHNOLOGY REQUIREMENTS SCHEDULE:
CALENDAR YEAR

SCHEDULE ITEM 75176 177]78]79]80]81|82[83|84|35|86]87]|85]|89]90]91
TECHNOLOGY
1. Analysis
2. Design

3. Fabrication

4. Test
5. Flight Test A
APPLICATION

1. Design (Ph, ()
Devl/Fab (Ph. D)

[§]

3. Operations
4.

15, USAGE SCHEDUILE:

|
TECHNOLOGY NEED DATI. A TOTAL

NUMBER OF LLAUNCHES

14. REFERENCES:
Ad Hoc Working Group on Space Power and Propulsion--RTAC May, 1975.

Outlook for Space-Forecast of Space Technology-Part IV Management of Energy

15. LEVEL OF STATE OF ART 8. COMPONENT OR AREADBOAKRD TESTED IN RELEVANT
ENVIRONMENT IN Ti{t LARORATORY,

1. BASIC PHENOMENA ORSERVED AND ¥ PORTLD, 6. MODEL TESTED IN AIRCRAFT ENVIRONAMENT.

2. THFORY FORMULATED TO DESCRIBE PHENOMENA., 7. MODEL TESTLD IN SPACF EXVIRONMENT,

3. THFOMY TESIED BY PHYSICAL F XPERIMENT %, NEW CAPARLITY DLRIVED FRUM A MUCH LESSER
OR MATHEMATICAL MODE L, OPERATIONAL MODEL.,

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, #. RELIARILITY UPGRADING OF AN OPERATIVNAL MODEL,
E. 5.0 MATERIAL, CONPOMEAT, ETC, 10. LIFETIME EXTENSION OF AN OFLRATION 1. MOD} L.,
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CONCLUSIONS

The conclusions reached by the WG are as follows:

1.

Power systems technology currently available or in wocrk is adequate
to accomplish all missions in the 1973 Mission Model. The few ex-
ceptions to this generalization represent only modest extensions of
ongoing efforts.

Improved Power Systems technology can provide significant benefits
in operational capabilities and costs, even for the 1973 Mission
Model. Sixteen such areas have been identified.

Major advancements in Power Systems technology must be made if,

and only if, the Outlook for Space and other advanced user plans are
to be accomplished. Most of these advancements are not now actively
in work. Nineteen such areas have been identified.

A vigorous space experiment program is needel to achlieve these

accomplishments. Specifically, 23 space experiments have been
identified.
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APPENDIX A
INPUTS TO THE POWER WQRKING GROUP

Ideas brought from the various centers by PWG members.
Inputs from other Summer Workshop working groups.

"Selected Technology Suggestions for Future Space Application and Related
Space Experiments." Aerospace Corporation Presentation to CAST Workshop.
(August 6, 1975)

"Ad Hoc Working Group on Space Power and Propulsion - Report On The Status
and Prospects of the NASA Space Power and Propulsion Research and Technology
Program.” Vol. 1. (April 30, 1975)

"Outlook Outputs” J. D. Burke. Presentation on 249 Missions, plus Synopses
of each. (July 1975)

Report of the Outlook for Space Study (Internal Draft Copy) (July 1975)

Space Shuttle (NASA/JSC) February 1975

Space Among Us. Charlec P. Boyle (1974)

The 1973 NASA Payload Model -- Space Opportunities 1973-1991
NASA (June 1973)

Missions (Vol. 2) Draft copy of Illustrative Mission (F. T. Lomes) plus 75
mission

"Gaseous Fuel Nuclear Reactor Research" F. C. Schwenk and K. Thom.
NASA (October 197L4) Presented to the Oklahcma State University. Frontiers
of Power Technologz

"Presentation of the Pcver Working Group to the Space Transportation Systems
Technology Steering Committee." D. T. Bernatowicz (January 27 1974)

"Presentation of the Power Working Group to the Space Transportation Systems
Technology Steering Committee.” D. T. Bernatowicz (Cctober 25, 1973)

"AFSC-NASA Space Tecanology Meeting Briefing Charts for the Space Power
Program.” J. D. Reams (AF/Aero Propulsion lab)

"International Astronautical Federation XXV Congress.” J. P. layton
(October 3, 1974) Space Power Systems: Retrospect and Prospect
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APPENDIX B

Detailed Outline

I. Energy Sources and Convertors

A, Solar Photovoltaic

HvVE

Solar Concentrators

Plasma Interactions with HV Surfaces
ILarge Scale Array

Array Deployment and Dynamics
Qualification of Cells
Achieving High Efficiency
Shuttle Calibration Facility
Tethered Array

Power Transfer

Advanced Concepts

a. EWECS

B. Solar and Nuclear Thermal Electric

Solar Concentrators
Brayton Cycle
Rankine Cyele
Stirling Cycle
Thermionic
Thermoelectric
Dielectric

MHP

RTGS

Reactors
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C. Chemical Conversion
l. Dynamic Conversion
2. Primary Fuel Cells
3. Primary Batteries

D. Ambient Field Trapping

II. Power Processing, Distribution, Conversion and Transmission
A. Processing
B. Conversion
laser Photovoltaic
C. Distribution
D. Transmission
1. Microwave

2. laser

III. Storage
A. Mechanical
B. Thermal
C. Chemical
Regenerative Fuel Cells

D. Electrsochemical
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